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THE PSYCHOLOGY OF ORGANIC MOVEMENTS.’ 


By I. MADISON BENTLEY. 


One of the strongest tendencies in current psychology is the 
tendency to emphasize motof activities of the organism. This 
tendency springs from a threefold root. It rises partly from 
the modern doctrine of the intimacy of psychophysical relation- 
ships, partly from the influence of general biology, and partly 
from direct analysis of mind itself. 

Precisely what the relation between mind and movement is, 
and precisely what its psychological significance is conceived 
to be, depend, in large measure, upon the individual’s general 
attitude toward scientific enquiry. Organic movement is apt to 
wear one aspect when consciousness is interrogated for con- 
sciousness’ sake, and quite a different aspect when mind is con- 
sidered as a means to some end;—its aspect and significance 
depending again upon whether the end be organic welfare, or 
organic development, or social progress, or the acquisition of 
knowledge, or conduct, or philosophical construction. 

To assume any single one of these attitudes at the outset 
would implicate us in a partisan treatment of the problem at 
hand. And, in order to make my discussion as comprehensive 
as possible, I shall separate the specific psychological problems 
involving organic movement, which are common toall systems, 
from the theories—especially recent theories—of consciousness, 
which are pre-eminently ‘motor’ in terminology and tendency. 
The only initial assumption that I need to make in proposing 
this twofold treatment of what has been indefinitely called ‘the 
motor problem’ is that all psychologists, of whatever creed or 


1 Read, with omissions, before the Cambridge meeting of The Amer- 
ican Psychological Association, December, 1905. 
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of whatever school, are, from some point of view, primarily in- 
terested in the scientific investigation of consciousness, and this 
assumption, we may fairly say, is implied in the very term 
‘psychologist.’ 

First then, as to facts. The specific psychological problems 
which have received in their solution overt reference to organic 
movements may be divided into six principal groups. 

I. The general analysis and description of action. Action fills 
a large chapter in the history of psychology. While early in- 
terest centered around its relation to the volitional activity of 
the individual, z. ¢., while action was, in the older psycholo- 
gies, principally identified with will and its expression, the 
opening of the modern era replaced this general interest by a 
more empirical study of action for its own sake. Of the two 
tendencies in this era—the tendency toward analysis and the 
tendency toward measurement of psychophysical process and 
function—only one, the latter, made much, at the beginning, of 
the movement side of action. Analysis of what are usually 
though ambiguously called the organs of sense, revealed an 
amazing number of conscious ‘qualities,’ but analysis of the 
‘organs of movement’ revealed a paucity of conscious qualities ; 
while, on the other hand, nothing offered so good a leverage 
for the measurement of capacity as the muscles and tendons, — 
witness the fertility of method for lifted weights and eye move- 
ments. And the poverty of movement as regards consciousness 
was at the same time more than offset by the doctrine of the 
Innervationsgefihi—a persistent echo of the doctrine of an 
elementary faculty of will. 

However, the two methods have not remained separated, 
dividing equally the spoils of consciousness, but both analysis 
and measurement now claim a common territory,’ the whole 

field of psychology, thus disposing of the fiction of a twofold 
mind, ‘receiving’ and ‘reacting,’ or ‘sensory’ and ‘motor.’ 

But to return to the specific problems of action. The classi- 
cal form of action, within the laboratory, is the ‘reaction experi- 
ment.’ A vagrant charge of astronomy and physiology, the 
reaction experiment became, under psychological direction, 
a means for measuring the duration of certain mental functions; 
cognition, recognition, association, etc. Later in its history 
came the period of interpretation, which brought the distinction 
between sensory and motor reactions and the famous discussion 
of reaction-types. Still later came the indiscriminate use of the 
reaction as a differential test—mental, physiological, anthropo- 
logical and abnormal,—a use, by the way, to which this associ- 

ation has, from year to year, cheerfully sacrificed its members. 


1Cf. E. B. Titchener: Eaperimental Psychology, Il, Pt. i, 1905, 
xxxviii, Pt. ii, 1905, 405. 
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The latest stage of the reaction experiment is the stage in 
which the experiment is used, both in research and in drill, as a 
means to the analytic study of the action-consciousness ;—for 
the introspective description and classification of the various | 
forms of action, impulsive, instinctive, automatic, discrimina- 
tive, and the like.' 

II. The study of special actions. Within this group fall a 
great variety of actions which involve some specialized move- 
ment apparatus. The most important are, perhaps, speech 
(vocal coordination, physical and psychophysical phonetics, 
aphasia, etc.), writing (analysis of writing movements, graph- 
ology, diagnostic use of writing in mental disorders), arm 
movement (conditions of movement, rate, precision, extent), 
and eye-movement (rate, function in reading, inhibitory effects, 
laws and relations to space-perception). This rough and in- 
complete catalogue of special actions suggests the wide range of 
interest in these special movement-complexes and their multitu- 
dinous relations to consciousness. 

III. Expressive movements. Again, a rough classification 
will be sufficient for our purposes. We may divide these 
movements into g7oss movements (gesture, offensive, defensive, 
and acquisitive movements, bodily attitude and play of fea- 
ture), and minute movements (changes in the vaso-motor and 
respiratory apparatus). The range of conscious processes which 
_ these movements have been supposed to indicate is as wide as 
consciousness itself. It is to be noted, moreover, that the em- 
ployment of expressive movements, in one form or another, is 
essential to the study of the consciousness of the animal and of 
the child. 

IV. Movement as an essential factor in certain typical men- 
tal complexes. Here movement is not regarded as symptom- 
atic of, but as contributory to, consciousness. Emotions and 
sentiments, rhythm, mental imagery, space-perception, and the 
perception of self, are all instances that fall under the rubric. 

V. Movement regarded as work. This class of problems 
strongly suggests the influence on psychology of mental path- - 
ology. The psychology of work owes most to Kraepelin who, 
together with his students, has examined the factors, influences 
and results of work and has devised methods for its registration. 
French and Italian psychologists (notably Féré and Mosso) 
have contributed much both to the methods of ergography and 
dynamometry, and to the analysis of the factors, physical and 
mental, which influence the individual's working capacity. 

VI. Movement regarded as play. I have ventured to place 
play in a class by itself, although its relations both to express- 


1 [bid., Pt. ii, 356. 
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ive movements and to work are obvious. Inasmuch, however, 
as play involvesa special mental attitude in which movement 
is more than symptomatic and yet less than accomplishment 
for the sake of accomplishment, it deserves, I think, a special 
place. Interest in play has centered in classification of plays, in 
theory, and in pedagogical applications. 


So much on the factual side of organic movement in psychol- 
ogy. Before I pass to the discussion of ‘motor’ theories, I should 
like, however, to point out that all these facts just surveyed 
are common property of all psychologies and that they are, 
moreover, to be taken into account by any doctrine which pro- 
fesses to give, in motor terms, a general interpretation of con- 
sciousness. 

It must, at the same time, be borne in mind that the facts 
do not necessarily demand a general ‘motor’ interpretation. It 
is, on the contrary, quite possible to distribute these problems 
up and down the psychological system, giving each its own 
particular setting. This mode of distribution is, for example, 
followed by Wundt in what stands to-day as the most seasoned 
and the most closely articulated of current systems of psychol- 
ogy. ‘The system offers no single ‘motor’ problem. Move- 
ment is, however, not neglected. It appears again and again ; 
now as a sign of consciousness, now as an essential factor in 
the perception of space, now as an element in the various forms 
of action, or as symptomatic of conscious states and processes, 
or as a condition of fatigue, or as a source of zesthetic and emo- 
tive components, or as concerned in language and thought. 

But, in contrast to this piecemeal incorporation, we find in 
various quarters attempts made to consolidate motor problems 
into one big general problem whose solution is to settle, once and 
for all, the relation between consciousness and movement. ‘To 
these general ‘motor’ theories we nowturn. We find that they 
fall into two classes: (1) theories that refer the character of 
the total consciousness to the interplay of motor mechanisms 
‘ and (2) theories that regard the total consciousness as a pri- 
mary factor in the motor adjustments of the organism. One 
type of theory emphasizes the motor conditions of conscious- 
ness, the other its motor consequences or results. 

First, among theories of motor conditions, permit me to re- 
call to you the theory outlined by Ribot in his brilliant essay 
on the attention.’ The theory is not new ;—Ribot himself finds 
it in Descartes—but I refer to it for the sake of perspective. Its 
author stands midway between the earlier English psychologists, 
—Bain and Spencer,—who emphasized the organic and the evo- 


1Th. Ribot: Psychologie de l’attention, Paris, 1889. 
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lutionary functions of mind, and a later group, mostly Ameri- 
cans, who owe more than appears on the surface to Ribot’s 
doctrine that the unity and the organization of consciousness 
depend solely and directly upon organic movement, and that 
movements and movement-inhibitions represent primary needs 
or tendencies’ which subserve organic adaptation. 

Following Ribot, we come upon theories—still theories of 
the first class—which may be called central psychophysical theo- 
ties of organic movement. ‘These theories seek to state more 
precisely the way in which the central motor mechanism con- 
ditions consciousness. ‘Typical of this class is the Aktions- 
theorte of Miinsterberg.? The theory substitutes, you will re- 
call, an antagonistic subcortical mechanism of motor discharge 
for the cortical mechanisms employed by associationists and 
apperceptionists. ‘This mechanism imposes a dynamic regula- 
tion upon the higher centres and, at the same time, affords a 
necessary condition for all psychophysical functions. More- 
over, it is to be noted that the theory not only repeats the em- 
phasis commonly laid upon, the integrity of the arc-like func- 
tions of the nervous system, but also insists upon the necessity 
in all central functions of discharge in a single downward 
direction, z. ¢., toward the centres for muscular movement. 
Without entering into the merits of the theory, it may be 
observed that just as opposing central theories incline to a 
neglect of this avenue of discharge, the ‘action’ theory, by 
overlooking the general permeability of the cortex, inclines, in 
its extreme position, to a neglect of neural tendencies and 
aptitudes other than motor. Nevertheless, the theory, by lay- 
ing stress on the general psychophysical disposztion of the brain 
and on corresponding mental values and gradations, instead of 
on mere conscious qualities and their substrate, calls attention 
to the fact that the study of consciousness is not completed by 
an analysis into simple processes or into primary functions, but 
that consciousness must also be regarded as a sate with a given 
form, configuration, and with a given tendency and direction 
of change. It is ‘vividness,’ the primary characteristic of the 
attentive state, that is especially provided for in the theory. 
To make the point clearer, I may be permitted parenthetically 
to observe that the investigation of abnormal minds has per- 
formed its greatest service for general psychology in the dis- 
covery that mental derangement and disorder are, in large 
measure, derangement and disorder of general state, and not of 


1 These primary needs or tendencies have recently been made the 
basis of a biological psychology; see G. Spiller in his 7he Mind of 
Man, London, 1902. 

2H. Miinsterberg: Psychology and Life, 1899, 91; Grundziige der 
Psychologie, 1, 1900, 525 ff. 
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any special group of processes. We have come to recognize 
dream, hypnotic, trance, fatigue, delirious, exalted, depressed 
states, and the like, and to regard these as aberrant forms of 
the states of the normal mind. 

But while we may recognize the importance for the psychol- 
ogy of states of the ‘action’ theory, we must not overlook the 
fact that the theory shares its advantage with the older apper- 
ception theory, as formulated by Wundt. This theory has, no 
less, its mechanism for inhibition, selection and synthesis, and 
where the motor-discharge theory urges the primacy of motor 
readiness, hindrance and facilitation, the rival theory points to 
a mass of cortical dispositions and tendencies which are, we may 
assume, no less important as temporary conditions of the general 
temper and trend of consciousness. 

When we turn to the second class of motor theories—the 
theories which regard especially the motor consequences of con- 
sciousness—we come first upon a general tendency in psycholog- 
ical interpretation which really takes the place of definite and 
well-articulated theory. But this tendency (or, perhaps, better, 
attitude) is so closely interwoven with our problem that it must 
be taken into serious consideration. It regards consciousness 
as a forward-moving, constructive process, an activity, whose 
end or function is organic codrdination and organic adjust- 
ment. 

There is, now, nothing necessarily distinctive about a psy- 
chology that regards mind as an activity. Activity psychol- 
ogies are, and always have been, plentiful. To this class be- 
long, ¢. g., the Wolffian psychology of faculties, the Herbartian 
psychology that possessed, nominally, a single faculty, and 
that still preserves its activities in the writings of Lipps, one 
of. the later trends of English psychology, represented by 
Ward and Stout, the Austrian school of Meinong and Alfred 
Fouillée’s system based on mental forces, 

But the peculiarity of the codrdination type of activity is 
that—if I may use the expression—it ‘biologizes’ conscious- 
ness. It represents mind as harmonizing, adjusting, squaring, 
adapting to its environment the organism that is fortunate 
enough to possess a mind. While it has a mixed lineage, it 
seems most closely to resemble, among antecedent systems, the 
Spencerian psychology of half a century ago. Herbert Spencer, 
you will remember, regarded psychology as ‘‘a specialized part 
of biology,’’? and psychological phenomena—when considered 
objectively—he identified with ‘‘nervo-muscular adjustments 
by which the higher organisms from moment to moment adapt 
their actions to environing co-existences and sequences.’’ * 


1 Principles of Psychology, I, N, Y., 1890, 138. 
ychology, I, N, 890, 138 
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' The modern type of ‘activity’ psychology which I have in 
mind is frequently spoken of as ‘functional’ or ‘motor ;’ but since 
it regards mental functions from a single point of view, namely, 
adjustment,—whereas all psychologies of activity, whether of 
faculties or not, are, at the same time, in so far as they pre- 
suppose an end or goal ofactivity, psychologies of function, —and 
since a// current psychologies share the responsibility of ‘motor’ 
problems, it will be better for my purpose to speak of it as ‘reac- 
tionism.’ The term ‘reactionism’ is suggested both by the fre- 
quent employment in ‘functional’ literature of the term ‘reaction’ 
and by the emphasis laid on organic adjustments and adaptive re- 
sponses to problematical situations. If, indeed, the use of the 
term needs further justification, it may be found in the signifi- 
cant fact that early presentations of the point of view before us 
set out from a discussion of ‘reaction’ in the more traditional 
sense. I have in mind Baldwin’s emphasis laid on the ‘circu- 
lar’ reaction,’ Angell and Moore’s” ‘functional’ treatment of 
reaction, and Dewey’s * re-interpretation of Meynert’ s classical 
myth of the Child and the Candle,—an interpretation that has 
become no less classical in certain quarters than the original 
itself. 

My interest in reactionism must, at present, be confined to 
its use of organic movement. Its teaching on this point needs 
little elaboration. Dewey, in his article on the reflex-arc, 
just referred to, contends that neither sensation nor organic 
movement comes to consciousness as specific ‘contents,’ but 
only as ‘function,’ 7. ¢., as one phase of ‘‘codrdination.’’ 
‘‘Sensation, as stimulus,’’ he says, ‘‘is always that phase of ac- 
tivity requiring to be defined in order that a coOrdination may 
be completed’’ ‘and, similarly, ‘‘motion asresponse,. . . is 
whatever will serve to complete the disintegrating codrdina- 
tion.’’° Both are parts of an act of codrdination and this act is, 
on the physiological side, a redistribution of ‘tensions’ anda 
search for a new neural equiiibrium—an aspect of the doctrine 
that has been dwelt upon in different connections by Bawden 
and by Judd. 

Now the notion of functional interplay of sensory and motor 
mechanism is, of course, not new. It is prominent, ¢.g., in the 
writings of Bain; and Ribot’s essay, mentioned a moment ago, 
is just an attempt to show that motor and sensory factors are 
inextricably interwoven in the very heart of consciousness ; and, 


rj. ag Baldwin: Mental Development: Methods and Processes, 1895, 
132, 3 
Angell and A. W. Moore: Psych. III, 252. 
8 John Dewey: Psych Rev., III, 357; of. T. . Bolton: Psych. Rev., 


TX, 1902, 
fit, 368. 5 Jbid., III, 369. 
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once more, no one could admonish more positively against the 
psychological misuse of the reflex-arc than Wundt in the im- 
portance he has laid for thirty years on movement elements in 
perception, sensorial elements in action, and on both movement 
and sensorial factors in the state of attention. Physiologists 
who psychologize are, it is true, sometimes, perhaps often, 
guilty of a too abstract consideration of the two sorts of mechan- 
ism; but I cannot convince myself that the evil effects on psy- 
chologists themselves, of the reflex-arc concept, have been any- 
thing like as serious as Dewey assumes. An example is made 
of Baldwin who had, it was alleged, fallen into error in his 
Feeling and Will, but Dewey overlooks the fact that Baldwin 
had, the year previously, declared that ‘‘the distinction between 
sensory and motor consciousness is largely logical,’’ that ‘‘all 
consciousness is both.’’* Were it a matterof just reprehension 
for past sins against the ‘functional’ faith, it might be pointed 
out that Dewey himself had, in his Psychology, been guilty of 
the heresy that sensations are actual contents and that their 
twofold function consists in bringing together ‘nature and the 
soul’ and in supplying the ‘raw materials of knowledge.’ * 

When we approach reactionism more closely, and ask whether 
it invents its own ‘motor’ principles to explain the dynamic, 
adaptive effects of consciousness upon the organism or whether 
it borrows these principles from the general literature, we find 
that its principles are, for the most part, those that have seen 
much psychophysical service. 

We note, in the first place, frequent appeal to the well-estab- 
lished physiological principle of motor discharge. This prin- 
ciple states that all neural excitations tend ultimately toward a 
motor outlet. The principle @ppears in various forms; in 
Bain’s law of motor diffusion,* in the ancient law of ‘excess 
discharge,’ in G. H. Schneider’s law of reduction of all move- 
ment tendencies to the primary movements of contraction and 
expansion,‘ and in the law of dynamogeny. The last law, es- 
pecially, has been used so much by modern reactionism that it 
requires a word ofexplanation. The term ‘dynamogeny’ seems 
to have been proposed by the physiologist Brown-Séquard,° a 
man (by the way) whose history is closely linked with the 
history of the institution by whose generous invitation we are 
assembled. Later it was extended by Féré ° to cover the vari- 


1 Mental Development: _— and Processes, 462. 

7, 33 f, 44 

3A. Bain: The pd ety. oe the Will, 34 ed., London, 1888, 4; The 
Senses and the Intellect, 34 ed., N. Y., 1888, 258, 271 note. 

* Vierteljahrsschrift f. wiss. Philos., ‘III, 1879, 294. 

5 Art. Dynamogénie in Dict. encyclop. des sciences méd. (quoted by 

Sensation et mouvement, 1887, 30 ff. 
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ations produced by sensorial stimulation in muscular capacity. 
The principle of dynamogeny was introduced into our own liter- 
ature by James and made a special case under the more general 
law of diffusion.’ Baldwin,” in his law of dynamogenesis, seems 
to have confused the general principle of discharge with dyna- 
mogeny, for he has taken over the former principle, the princi- 
ple that ‘‘every sensation’’—to use his rather ambiguous words 
—‘‘every sensation or incoming process tends to bring about 
action or outgoing process,’’ and has christened it the law of 
dynamogenesis. The law, once renamed, furnishes, in Bald- 
win’s hands, a method for child study—through the selection 
of simple and fundamental motor reactions—and it also supplies 
the ‘‘foundation stone of the theory of organic development,’’ 
I shall not take time to follow the derivation of habit and accom- 
modation (which involve, also, Schneider’s affective shrinking 
and expansion, and the law of excess) and the adaptive pro- 
cesses of imitation. The important point to be noted is that 
organic movement becomes, in Baldwin’s genetic treatment, 
not a mere ‘expression’ of consciousness, but, as an index of 
pleasure or pain, a means of producing, maintaining and aug- 
menting vital processes.* Genetic dynamics—in so far as it 
may be identified with reactionism—thus falls naturally under 
our second type of motor theory, the type that pays chief re- 
gard to the motor consequences of conscious function. 

Another recent motor theory to challenge our consideration 
is the ‘motor-area’ theory of Judd.‘ Although this is a theory 
of the first type, I have reserved it until now because it is 
closely related to reactionism. Setting out from certain facts 
of perception and of action, which he describes as coordina- 
tions, Judd, in the spirit of Ribot, James and Baldwin, again 
uses the law of motor discharge to explain the unity of con- 
sciousness. But instead of having recourse to the various 
peripheral mechanisms which Ribot had invoked, Judd turns 
to the centre and suggests that the common motor outlet of the 
Rolandic region is responsible for this unity. The theory mini- 
mizes the part that kinesthetic sensations and images play in 
consciousness, but exalts the organizing function of a centrally 
situated ‘motor’ region. The ‘motor process’ becomes ‘‘the 
condition of fusion of all the codrdinated impulses,’’ and thus 
it is seen to be ‘‘not a factor of consciousness, but rather a 
condition of the unity of consciousness.’’ ° 


1W. James: Principles of Psych., U1, 1890, 379. 

2 Methods and Processes, 166; cf. Feeling and Will, 1891, 28, 281. 

8 Op. cit., 238 ff, 478. 

*C. H. Judd: Yale Psych. Stud., N. S., Vol. I, 1905, 199; of. W. 
McDougall: Mind, N. S., XXVI, 1898, 159 ff. 

5 Op. cit., 214. 
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From the present preliminary statements of the theory, it is 
not quite evident whether its author intends it to be taken asa 
general theory of conscious synthesis, 2. ¢., whether Judd would 
agree with Baldwin that ‘‘every two elements whatever, con- 
nected in consciousness, are so only because they have motor 
effects in common,”’ or as a special theory of space-perception. 
A fuller account of the theory will doubtless make this clear. 
If it is a general theory, we shall be told why the motor ap- 
paratus gives us now the spatial type of consolidation, now the 
qualitative, now the temporal, now the assimilation of ‘verbal 
directions, bell and stimulus’ in the reaction experiment, and 
now some other type of assimilation. If it is, on the other 
hand, a theory of space-perception, we may expect to learn 
whether the motor factor accounts only for the unity of neigh- 
boring objects in space (as it seems now to do) or whether it 
goes deeper and explains the spatial pattern itself (7. ¢., ex- 
tension together with the variety of spatial relations) as, ¢. ¢., 
Wundt’s theory of extensive fusion does. Furthermore, since 
the assumed motor factor is obviously related to the general 
state of consciousness,—shown, ¢. g., in the essential part that 
distraction plays in ‘geometrical’ illusions '—we may also look 
for a statement of its significance for a doctrine of attention. 
In any event, it is to be noted that the rédle of organic move- 
ment is not, in this theory, so fundamental to consciousness as 
in the theories of Ribot and of Miinsterberg; for, in these, 
movement underlies not simply the w#zty of processes but the 
existence of consciousness itself. 


I should like, if I can before I close, to come to more definite 
terms with the problem which organic movement presents to a 
reactionistic psychology. Although, as I said before, every 
movement within the organism which affects consciousness is 
of interest to the modern psychologist of whatever system or 
school, it is not to be denied that functional psychology (if you 
will pardon the use of so ambiguous a term’), in so far as 
it lays emphasis on organic adjustment, whether for the sake 
of ‘genesis’ or of temporary adaptation, has a peculiar interest 
in the motor apparatus and the motor functions of the organ- 
ism. The reason for this emphasis on adjustment we cannot 
stop to inquire; whether it is a courteous response to the biolo- 
gists’ appeal for aid, or a primary biological interest in the 
psychologist himself, or whether biology, which has for many 


1 Cf. Th. Lipps’ ‘motor’ theory of optical illusions in Raumesthetik 
und geometrisch-optische Taéuschungen, 1897. 

2 The writer has in mind a dozen or more recent definitions of ‘func- 
tion’ or ‘functional’ couched in terms of psychology, of psychophysics, 
of logic, of biology, of ‘energetics,’ and of ‘pure experience.’ 
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years generously indulged itself in hypothesis and specula- 
tion, appeals to speculative minds in psychology, or whether 
mental activity viewed from a new angle promises important 
returns to logic and zesthetics and sociology and education and 
epistemology, we must leave unanswered. The biologizing 
psychologist is, for whatever reason, in our midst, and the 
logical relation between his view of consciousness as codrdina- 
tion and his interest in organic movements remains an im- 
portant part of our task. 

The secret of this relation lies, I think, in the fact that reac- 
tionism is at bottom an implicit doctrine of attention. Let us 
see what evidence for this view the literature offers. Dewey 
remarks, in connection with his functional treatment of stimu- 
lus and movement, that ‘‘it is the motor response or attention 
which constitutes that which finally becomes the stimulus to 
another act.’’? Again he says, ‘‘sensation is that phase of a 
coordination requiring attention, because, by reason of the con- 
flict within the coOrdination, it is uncertain how to complete 
it,’’? and in another place he remarks that the stimulus ‘‘furn- 
ishes the motivation /o at/end [italics all mine] to what has just 
taken place; to define it more carefully.’’ Attention, then, is 
the cardinal activity that ‘defines,’ that ‘searches,’ that ‘dis- 
covers,’ that ‘constitutes’ both ‘stimulus’ and ‘response.’ In 
short, it is the activity that ‘‘decides how a beginning co- 
ordination should be completed.’’* In just what relation this 
arch-activity of attention stands to the ‘minor acts’ called ‘stim- 
ulus’ and ‘response,’ I confess myself to be unable to under- 
stand. Mead declares that ‘elements’ and ‘images’ are ‘‘re- 
ciprocal functions’’ for the ‘‘psychical state’? which have ‘‘now 
this expression and now that.’’ ‘‘What this expression is,” 
he continues, ‘‘depends upon the selective activity of attention 
or apperception—an activity which is practically co-terminous 
with the psychical state as such.’?* While this passage can 
scarcely be said to convey a lucid idea of the functional rela- 
tion of contents to attention, it does bring strong evidence for 
the relevancy of my suggestion that the all-powerful and all- 
important activity of reactionism is simply attention regarded 
as a function. Angell subscribes to this functional view of at- 
tention in his recent Psychology. Although Angell admits that 
attention may be regarded, as he says, ‘structurally,’ z. ¢., as 
having focus and margin, he frankly declares himself to be 
chiefly interested in it as ‘‘an instance of mental activity,’’ ‘‘as 
a purposive, forward-looking type of action,’’ though he does 


1 Op. cit., 2 Tbid., 368. 369. 
4G. H. The Definition of the Psychical, 38 (in 
of the Univ. of Chicago, 1st ser., III, 1903). 
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not think it necessary ‘‘rigidly to dissever these aspects.’’ But 
the fundamental importance of the act of attention appears 
when Angell announces that he means in his book to ‘‘regard 
all the operations of consciousness as so many expressions of 
organic adaptations to our environment,’’* and that in adapta- 
tion the ‘‘actual work of accommodation’’ goes on at the ‘point 
of attention’ which ‘‘represents the very heart of conscious- 
ness.’’* Finally, Baldwin maintains that ‘‘the problem of 
adaptation is really the problem of selection,’’* and that ‘‘in 
attention we have, undoubtedly, the one selective function of 
consciousness,’’ a function which is ‘‘the most habitual of all 
forms of motor reaction.’’ * 

If we may take these statements as representative of the re- 
actionistic attitude in psychology, we may fairly conclude that, 
for this phase of the science, attention is the primary mental 
activity, and that it is primary because its function is to further, 
through the agency of organic movements, the ‘‘adaptive oper- 
ations of organic life.” 

But attention, no less than conscious participation in all or- 
ganic movement, is common psychological property. No mod- 
ern system attempts to get on without it. Its relation to the 
motor activities of the organism forms, therefore, a second nat- 
ural meeting place for reactionism and the analytic and struct- 
ural typesof psychology. For the latter, attention is essentially 
a state,—not a structure or a process,—with definitely marked 
characteristics and with important motor conditions and conse- 
quences, which are as accurately laid down as present physio- 
logical knowledge will allow. For the former, I may repeat, 
attention is essentially an activity whose operations are directed 
toward adaptive movements of the organism. 

Three inductions remain to be drawn from this comparison. 
The first is that attention regarded as activity stands just as 
much in need of definition, description and explanation as does 
attention regarded as state, the second is that unless adequate 
definition, description and explanation are forthcoming, psy- 
chological reactionism stands in danger of basing its account of 
organic movements upon a faculty only less empty and less 
vicious than were the Wolffian faculties of a century and a half 
ago; and the third is that reactionism lies under the necessity 
of formulating a ‘doctrine of functions’ which shall set into 
mutual relation the primary functions of attention and all other 
functions that consciousness may reveal. 


Permit me to say, by way of recapitulation, that there is no 


1J. R. Angell: Psychology, 1904, 7- 
2 [bid., 64. 8 Op 456. * Tbid., 463. 
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single ‘motor problem’ pressing for psychological solution, that 
organic movements offer, instead, a variety of problems, and 
that these problems call for a discrimination of facts and theo- 
ries. The facts fall, as we have seen, into numerous groups 
which demand detailed and specific treatment, while the theo- 
ries emphasize either the motor conditions (first type) or the 
motor consequences (second type) ofconsciousness. As regards 
the first type, we have found a current disposition toward the 
construction of cenxtral psychophysical theories, but we must note 
that the actual central conditions of consciousness are so little 
known that almost any theory may receive recognition, while 
no theory brings proof or even commands general assent. The 
theories of the second type, on the other hand, are encouraged 
by a tendency (chiefly American), to return to reactionism. 

Finally, I must repeat, current reactionism considers organic 
movement as an adaptive operation issuing from a mental 
activity, attention, which is ill-defined, and which stands, 
at present, in danger of becoming a vague ro empty power 
either of the organism or of the soul. 
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Tl n’est peut-étre pas d’Arthro- 
podes, qui meritent, plus que les 
arraignées, d’attirer l’attention du 
naturaliste, par leur forme, leur in- 
dustrie, leurs maneuvres. Buffon 
(His. Nat., p. 172). Wagner (67). 

The web of the Orb-weaving Spiders has long been one ot 
the classical examples of animal instinct. It is so definite and 
complex, and yet so frail a structure and must be rebuilt so 
often under varying conditions that, 2 priori, we should expect 
it to furnish one of the best of fields for the study of the vari- 
ation of instinct. If thecell of the Honey-bee varies so that, ac- 
cording to Prof. Wilder (73, pp. 654,655), who quotes Prof. 
Wyman in this connection, there may be a gain or loss of one 
cell in ten, then from a knowledge of the differing conditions 
under which the spider works, together with the frailty of the 
web as compared with the cell, we have as much, and even 
more, ground for thinking that even greater variation will be 
found here. 

The Spider is proverbially a solitary animal. There are 
social spiders but they are not to be found outside the tropics. 
Is the study of the spider to open up the rich mine of individu- 
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ality and adaptation which Dr. and Mrs. Peckham’s excellent 
work (47 and 48) has discovered for us in the Solitary Wasp? 
Is the method of ‘‘trial anderror’’ a common one with spiders as 
Prof. Jennings (28) has shown it to bein his recent epoch-making 
work for the lower organisms? The importance of such a study 
for Animal Psychology can be indicated by quoting from Prof. 
Lloyd Morgan (39, p. 196). He says,—‘‘Nothing has been 
said in this chapter concerning automatism or control in the 
higher invertebrates, such as the bee or the ant. Their actions 
seem to warrant the belief that in them, too, there is—besides 
a mechanism for automatic co-ordination—a mechanism for 
control. But at present nothing is known of definite control 
centres in these organisms supposing such centres to exist. 
There is here a fruitful field for investigation, if we could only 
find a satisfactory point of departure.’’ Since the above was 
written results by Forel (26), Von Buttel-Reepen (74), 
Wheeler (71), Miss Field (22) and others, have been published, 
which make it certain that the social insects do have such con- 
trol. Prof. Forel’s work (25, p. 48), goes to show that the 
corresponding nervous control centres actually exist in ants. 

Social insects, however, may profit by the example set by 
others of their kind. Then, too, the environment at least 
always contains the other members of the hive or colony. To 
this extent, then, the environment is much the same for all mem- 
bers of the same colony. But it is different with the solitary 
wasp or spider. Each individual must meet successfully an 
environment more or less different from that of every other in- 
dividual. With the solitary animal there is no loss of individ- 
ual rights for the good of the whole group, such as both Com- 
stock (10, pp. 633, 634) and Maeterlinck (51) have seen fit 
to emphasize in the case of the ant and the hive-bee. The 
differences between the bee and ant queen as recently well 
pointed out by Dr. Wm. M. Wheeler (72) are quite in point in 
this connection. With the spider, the solitary animal, par ex- 
cellence, the individual must vary or die. Wagner has well em- 
phasized this instinct to separate in spiders.’ It is irrevocable 
that spiders should scatter as soon they are ready to leave 
the cocoon, and after that cope with their little world individu- 
ally. The effect of this scattering is far reaching in many of 
their instinctive activities. 

The number of our native species has been given by some as 
four hundred. Structurally considered they show as great dif- 


1 Wagner, W: L’araignée aquatique (argyroneta aquatica, Cl.). Son 
industrie et sa vie. Materiaux de psychologie comparée. Bull. Soc. 
Moscou, 1900, pp. 61-169. This article is in Russian with a summary 
in French. I am much indebted to M. de Perott for reading the 
Russian portion of the article to me. 


Ft 
| 
| 
| 
i 
q 
J 


308 PORTER : 


ferentiation and as high development as many of the insects 
with which they were classed by earlier zodlogists. From the 
standpoint of complexity and nicety of development of instinct 
they are no less deserving of study. 

Certainly there is no animal more repulsive to the average 
person than the spider. This repulsion gives way to one of at- 
traction the moment we get some glimpse of the real life of the 
animal. Very few, if any of our spiders, are poisonous, the 
almost universal belief to the contrary notwithstanding. They 
are not venomous or rapacious as the popular accounts would 
lead us to believe. The female spiders in ensnaring, poison- 


. ing, and feeding upon insects, and even in killing the male 


spider, may be described as rapacious only by the human ob- 
server’s too intense subjectivity. They are getting their food 
by the only method which their evolution has left for their use. 
One is well within the truth when he says that of all the ani- 
mals of like organization and habits the mental life of spiders 
has received far too little attention in a scientific way. In the 
following paragraphs there will be found a brief survey of pre- 
vious studies, or such of them as are of interest chiefly 
from a psychological point of view. There is no other ani- 
mal about which more has been written that is inaccessible, at 
least, to the general reader in English. 


HISTORICAL ORIENTATION. 


For a brief account of the work done prior to 1843 the 
reader is referred to Menge (37, pp. 2-10). This author’s 
history begins with Aristotle and mentions some twenty-seven 
other writers, the most important of which are Lister (1678) 
who, according to McCook, is the father of English Arachno- 
logy, Homberg (1707), Leeuwenhoek (1722), Clerc (1757), 
de Geer (1752-78), Walcknaer (1802-05-06-08-37), whose 
works give accurate descriptions of genera and species, Kirby 
and Spence (1823), Herold (1824), Oken (1835), Hahn (1830 
and 1831), and Koch (1839). These works are largely sys- 
tematic and given to a description of structure with many ob- 
servations of value on the manner in which the web is built, 
how spiders make use of the thread to bridge across chasms, 
their food, and differences between the sexes. 

The use by spiders of nests or geometrical webs to ensnare 
prey very early excited the interest of observers in the facts 
just mentioned. Menge himself has sections on food, the man- 
ner of spinning the web by the different genera, the sexual in- 
stincts, and with this the nest-building and the care of the 
young, in which he says the female spider of some species 
shows a love for the young which even surpasses that found in 
birds. Here we get an example of the anthropomorphism 
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which has colored the observations of nearly all-of the earlier 
writers on this subject, and is not yet extinct. Lastly, there 
is a discussion of sense-perception, the spider as a weather 
prophet, and the benefits and injuries to be derived from spi- 
ders. In his section on sense-perception Menge gives a de- 
scription of the anatomy of the eye but says that this sense 
organ has the most marked development of any in the spiders. 
The active spiders can see an object a few feet distant. They 
draw back when one approaches to within three or four feet of 
their web, especially if they have been previously disturbed. 
The Garden Spider (Zpeiva diademata) has weak vision and 
allows herself to be touched before moving. It is doubtful if 
Menge eliminated jars in his observations just recorded. As 
to the hearing of spiders he takes a negative position and ex- 
plains their reaction to music by means of the effect of sound 
waves on their webs. Their sense of taste is weak but not ab- 
sent. Disagreeable odors seem not to affect them at all as they 
do us. The sense of touch in the feet must be very highly 
developed. He seems to have taken special pains to determine 
how far spiders were reliable weather prophets. His conclu- 
sion is a negative one. 

Following Menge there seems to have been little published 
for some years. Blackwall (4) devoted the whole of his three 
volumes, except the introduction, to a systematic description. 
Stavely (64) has also written on the habits of British spiders. 

Wilder (73) describes the web of the Triangle Spider and 
as stated above finds, not in this species, but in his additional 
observations on Orb-weavers, evidence of considerable varia- 
tion. Hentz (27) during the first half of the last century 
wrote many articles on the Spiders of the United States. He 
may well be called the pioneer in American Arachnology. His 
efforts were almost wholly directed to systematic description 
with occasional reference to things psychological, e. g., that 
vision in one of the Aé/i is acute but not unerring. 

Dahl (11-14) has published many articles on the structure 
of spiders, chiefly with reference to their sense powers. Two of 
these deal primarily with the mental life of spiders. He tested 
their sense of taste and smell by holding in front of them, or 
by actually touching them with a glass rod dipped in turpen- 
tine, oil of cloves, or ammonia. Heconcludes from their re- 
sponses that they both taste and smell. £. patagiaéa Cl., 
particularly, perceives odors, discriminates different ones, and 
these have different affective values for her which are not what 
they have for us. It will be well at this point to call the atten- 
tion of the reader to Dahl’s manifest anthropomorphism. He 
believes that there are auditory hairs on various parts of 
the body, principally on the anterior part, which are the organs 
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of hearing. From the results of tests with flies, bees and pieces 
of paper fastened to a small wire, he places the limit of clear 
vision at2cm. At this distance some, Aftus arcuatus Cl., for 
example, are able to distinguish a bee from a fly. These spi- 
ders are able, however, to detect the presence of moving objects 
at a distance of 20cm. ‘The color-sense was tested by feeding 
insects of different colors as well as flies painted with different 
colors. ‘Two species gave little or no results while two others 
showed signs of distinguishing the colors. The tactile sense is 
' well developed particularly on the feet and palpi. 

In his second article Dahl discusses, (a) Instinct and Cogni- 
tion; (b) The Social Impulse; (c) The Aisthetic Impulse. He 
notes that in web-making the spider puts in certain sub-sup- 
ports when they are needed; also other variations for which 
external conditions and the properties of the various bodily 
structures of the spider do not sufficiently account. Therefore 
these instinctive acts are more or less conscious. He goes yet 
further in concluding that when, as he finds by actual experi- 
ments, Aftus arcuatus Cl. avoids a certain insect, because she 
has experienced a few times before, that this kind of insect 
was covered with turpentine, she is able to and does infer from 
analogy. He likewise reaches the same conclusion when this 
and other species avoid beetles and bees after having been fed 
on these a fewtimes. He thinks that these spiders could have 
had no experience with this kind of food prior to his tests with 
them. In some cases he succeeded in inducing them to take 
flies immediately after they had refused the bee or beetle. He 
states that their memory for this harmful food lasts at most 
only a few hours. 

Cambridge (8), Campbell (9) and Rainbow (53) are writers 
on spider habits and instincts from England and Australia. 
The last named warned against making the web of classifica- 
tory value, particularly those spun in confinement. He be- 
lieves with Wagner (see below) that there may be ‘‘fluctuations 
and variations’’ of instincts. 

M. Eugene Simon (62) has devoted but few pages to spider 
anatomy and the remainder of two large volumes to a sys- 
tematic treatment. His programme calls for a third part on 
Biology such as McCook (see below) has proposed for Ameri- 
can Spiders; also a fourth on their Geographical Distribution. 
He believes that such is the best programme to follow since 
there are probably many pitfalls in the way of one who knows 
little or nothing of the anatomy or natural relations of these 
animals. 

Turner (66) noted variations in the webs of a certain Gallery 
spider. These he considers due to intelligent adaptation; but 
such is hardly in agreement with the best writers on the sub- 
ject. 
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Kennel (32) has made careful observations on the methods 
by which spiders bridge across chasms or lay down the founda- 
tion lines for their webs. He denies that they throw the thread 
out with such force as to carry it the required distance or that 
the wind pulls it out. He states that it is fed out with the 
hind claws. The air currents depending on their strength and 
direction determining in part the point of attachment of such a 
thread. 

The work of Dr. and Mrs. Peckham stands ferhaps as the 
most extensive and thoroughly reliable from a psychological 
point of view. In their work on the Mental Powers of Spiders 
(41 and 42) they have made carefully controlled tests and ob- 
servations on the senses of smell, hearing, sight, the color- 
sense, the so-called instinct of ‘‘feigning death,’’ the maternal 
emotions, and the mistakes of spiders. The sense of smell was 
tested by holding a glass rod with its end dipped in oil or perfume 
in front of the spider. Each test was at once checked by hold- 
ing a clean rod in the same position. Many tests were made 
with different spiders and the authors worked separately. 
Their conclusions are that only three species fail to respond to 
the test. It was evident by their various movements that the 
scent was perceived by all the others. 

The sense of hearing was first tested by making loud noises, 
shouting, clapping the hands, etc. To these there was very 
little, if any, response. They then experimented with vibrat- 
ing tuning-forks as Boys (6, p. 149) had previously done. 
After many tests made with forks of different vibration rate 
and checked by bringing the non-vibrating fork into the same 
position, they conclude with Boys that spiders hear. They 
get some responses after removing the palpi and parts of the 
foreleg. Yet they do not agree with Plateau (40, p. 384) that 
palps are useless organs. According to them the end-organs 
for hearing are not well localized. However, it is not certain 
that jars have been eliminated and their failure to elicit any 
response in active spiders points to the fact that the web takes 
up the vibrations and the spiders feel these. 

However, Pocock (50, p. 63), contrary to McCook and the 
view just stated, thinks that spiders hear and that the tuning- 
fork experiments have been tried in a sufficiently variable 
manner to constitute satisfactory proof. I have made no test 
with the tuning-fork, but have failed to get responses to loud 
noises. 

Some spiders, notably Cyclosa conica and Epeira strix, re- 
sponded to the vibrating fork by suddenly dropping from the 
web. After many experiments they failed to get this response 
after each test. With a single £. strix with which they worked 
for more than a month there was an increase in this power of 
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control, thus giving evidence of a short memory. This failure 
to show the so-called ‘‘feigning’’ instinct is regarded by the 
authors as rather remarkable, as it is undoubtedly an instinct- 
ive reaction of great value to the animal. 

These same authors conclude from seeing the males in search 
of the females and the females for their cocoons that the range 
of vision for the active spiders may be as great as some eight 
or ten inches. This is much greater than Forel (24) has put 
it. Their tests on the color-sense were made by noting, under 
duly controlled conditions, which compartments surrounded 
by red, green, blue, or yellow glass the spiders preferred to stay 
in. They also tested the color-sense in males by painting tae 
females and observing the different reactions of the males, the 
female without paint having first been placed before the several 
males; also by separating the female from her eggs and nests 
and surrounding these with pink, blue, or red paper. The 
female seemed to become accustomed to finding her nest framed 
in blue and wanted to return there even if the blue had been 
changed in place and pink then surrounded the nest and eggs. 
From all these experiments the authors infer that spiders see 
colors and the first series indicated a preference for red ‘‘much 
more marked than that found by Sir John Lubbock for ants, 
and the spiders had not so positive dislike for blue.’’ 

Various alarming stimuli were given to spiders by these au- 
thors in order that they might observe the so-called ‘‘feigning’’ 
instinct. This reaction consists simply in dropping from the 
web or nest and lying with legs flexed as if dead. Their find- 
ings from more than two hundred experiments on nineteen 
different genera may be indicated as follows (41, pp. 416-417): 
‘Out of the species with which we experimented we found one 
which would endure a moderate amount of pricking with a 
needle, and a second which did not move when its legs were 
pinched. Beyond this there was no stoicism under anything 
that approached bad treatment, although a few species allowed 
themselves to be handled without showing signs of life. We 
do not believe that any spider which came under our observa- 
tion ever fell intoa Kataplectic condition. . . . There is 
no need to call in ‘Kataplexy’ to explain the origin and de- 
velopment of a habit which can be easily explained by natural 
selection alone.’’ Robertson’s (54) conclusions agree with the 
above. He holds that for active spiders the stimulus produc- 
ing the ‘‘sham-death’’ reflex must be sharp and sudden. With 
the sluggish the reflex posture is more continuous and practi- 
cally independent of the nature of the stimulus. In the active 
the reflex may be carried out by the thoracic ganglia alone, or 
even by the ganglia of the two posterior or anterior segments. 
In the sluggish it cannot be induced without the head-ganglia. 
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The ‘‘sham-death’’ in intact spiders is a complete tetanus. 
With the supra and sub-cesophageal ganglia removed the re- 
action is carried out but is weaker, in at least one of the active 
species; it has a longer latent period and it is a rhythmically in- 
terrupted tetanus. This reflex is probably a means of escape 
in emergency, and ‘‘conscious volition’? can have nothing to 
do with it unless consciousness can be an attribute of each 
thoracic ganglia. 

The Peckhams also found that those spiders which carry 
their cocoon about with them will take up a pith-ball or a web- 
covered shot instead. But when allowed the choice between a 
pith-ball and their cocoon they take the latter in preference, 
provided they come into contact with the cocoon. This proves 
that, since these spiders carry their cocoon underneath their 
body, they are unable to recognize it by sight alone. Tactual 
stimuli must be present for an effective perception. They also 
infer that the muscular sense in these spiders is poorly devel- 
oped since they persist with much difficulty in carrying about 
the heavy shot. But the instinct in which this act finds its 
setting is necessarily so strong and important for the preserva- 
tion of the species that we should be slow to make such an in- 
ference. However, this species was not an Orb-weaver, and 
need not have so finely developed a muscular sense. 

These same authors have published three different articles 
(43 and 44) on Courtship in spiders of the family Attidae. 
They describe and give drawings of the antics of the males 
and in the last article discuss the bearings of their results on 
the Darwinian and Wallacian theories of selection. They 
maintain that their observations uphold the theory of sexual 
selection as stated by Darwin. 

McCook (35 and 36) in his many articles published by the 
Philadelphia Academy of Science and his three large volumes 
‘“‘American Spiders and their Spinning Work,’’ treats their 
natural history with special regard to their industry and habits. 
Of special interest to us in the present paper is the fact that 
he counts and measures a few webs of some species and finds 
evidence of considerable variation. He also brings together the 
previously known results in their appropriate places. His large 
works are popularly written, and although he is anthropro- 
morphic in statement, he is somewhat loath to grant intelli- 
gence to those spiders he has most studied. 

Prof. Emerton in his two excellent books (19-20) and many 
earlier articles deals with the structure and habits of spiders 
common to the United States and often notes as well the varia- 
tion in the number of parts of the web, together with interest- 
ing observations on the sexual instincts, etc. 

Wagner (67 and 68) is certainly one of the most careful 
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writers on spider habits and intelligence. His mental attitude 
toward spider activity reminds one strongly of that of Bethe 
toward ants and bees. They are looked upon pretty much as 
‘‘reflex-machines.’’ As suggested above he finds variations in 
instinctive activity. These are great enough to furnish a foot- 
hold for natural selection. He gives a few observations which 
support his view that such variations have their origin in the 
germ-plasm. He is certainly right in explaining many of the 
adaptations as instinctive. But in denying all intelligent 
power to spiders he is perhaps taking an untenable position. 

Prof. Montgomery (38) with much painstaking and careful 
observation has described the mating habits of many of our 
common spiders. Very few of the orb-weavers were included 
in his list. He considers that the approach to the female by 
the male is a very interesting field from a psychological point 
of view. He holds that the courtship of the male is more re- 
markable since he must re-charge the palps with sperm. To 
this he has given name of sperm induction. He concludes that 
the male is guided by tactual and visual stimuli in his search 
for the female and that the strongest male wins. The female 
exercises no conscious choice in her selection of the male. 

Lécaillon (34) describes the nesting habits of one species 
which lives inside her nest with the young. This author tests 
the strength of the maternal instinct by separating the proper 
mother from her young and noting her attempts to replace a 
foster mother. He finds the maternal instinct strong and that 
it lasts for some seven or eight days. 

Miss Pritchett (52), in addition to giving a good bibliogra- 
phy and a review of the work already done on the senses of 
hearing and smell, obtained, by careful tests with a tuning-fork 
and other methods, a negative result for hearing in the two 
species tried. She thus confirmed the results obtained by the 
Peckhams for active spiders. Irritant and non-irritant oils 
were used in the tests on smell. Both males and females re- 
sponded to both these even when the palps, hairs on the legs, 
or the first pair of legs respectively, were removed. Hence the 
end-organ for the perception of odors must be distributed more 
or less over the whole body. 


METHODS OF STUDY. 


The species chiefly dealt with in the present paper are: 
Argiope transversa, Argiope riparia, the Shamrock Spider— 
Epeira trifolium, the House Spiders—LZpeira Sclopetaria, Ep- 
eiva strix and Epeira patagiata, ‘The results of some observa- 
tions on a few other species will also be given. For description 
of most, if not all of the species herein mentioned, the reader 
is referred to Professor Emerton’s work (20) whose nomencla- 
ture I have used throughout. 
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The first problem selected for solution was the determination 
by actual count and otherwise of the range of variation between 
webs made by different members of the same species as well as 
between successive webs of the same individual. In order to 
do this most conveniently it was thought best to bring as many 
spiders as possible into the laboratory. If this was done, they 
must be given water to drink (since it has long been observed 
that they naturally take a good deal of water), various insects 
for food, and suitable places to build their webs. The plant- 
stalks bearing the nests or to serve as main supports for the 
webs were usually placed in bottles containing water and these 
placed on tables or wide window-sills. Other stalks were placed 
near so that the spider might find at hand as nearly as possible 
the same conditions as she would have had on the outside. 
Each spider was numbered and, since many different rooms 
were used, some very large, the spiders were correctly traced 
in most cases when they wandered, as they often did, from 
their assigned places. As there is great variation in size and 
markings between the individuals of the same species that 
may be brought in at any one time, they were the more easily 
followed. During the first season’s work almost every spider 
observed was killed and preserved in alcohol. These were 
later submitted to Professor Emerton for identification. 

For some of the A. /vansversa (this species not having a 
nest but, while not at work standing in the centre of the web, ) 
boxes and old aquaria frames with removable glass sides and 
top were used. However, these were soon discarded for the 
reason that they cften led to the building of an abnormal web. 
the spider bending the upper half almost at right angles with 
the lower if the top of the case was in the way. Toward the 
close of my work in late autumn the spiders and the surround- 
ing grass were well sprinkled with water from an atomizer. 
This is a necessary precaution if these animals are to be kept 
normal. 

Photographs of many of the webs were taken and drawings 
from some of these will be given. All these drawings are, 
therefore, very accurate, the lines in the negatives being very 
carefully followed in each case. It is especially difficult to get 
good photographs of webs unless one uses Emerton’s method 
of sprinkling them with a solution of shellac in alcohol. This 
I could not do as it would probably have made the conditions 
surrounding the spiders altogether too abnormal. 

From what has been said it will be seen that the various 
habits and instinctive activities, indicated at the beginning of 
this paper, were open to observation and study, both in the 

field and the laboratory. Many observations on 7iparia, espe- 
cially on the mating habits, were made during the last season 
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near Hoopeston, Illinois. It should be clearly kept in mind 
that two brief seasons are too short a time in which to gather 
data which will support conclusive generalizations. It has, 
nevertheless, seemed worth while to publish the data gathered 
together with the tentative conclusions which they suggest. 


CHOICE OF THE PLACE FOR A WEB, THE NEST AND MATE- 
RIAL FOR THE NEST. 


In the pseudo-scientific literature the statement is often found 
that spiders exercise great intelligence in choosing the place for 
theweb. The different sorts of places chosen by the same indi- 
vidual are many, and it is well to look into the matter more 
closely before believing (Biichner 7a, 80, p. 315) ‘‘that spiders 
know just where to place their web in order that most insects 
may be ensnared by it. Practice, experience and reflexion 
must also guide the spider in the important choice of the local- 
ity in which it shall spin its web, in order to catch the largest 
amount of prey. Before all it likes those places where the rays 
of the sun and dancing midges may be united with the possi- 
bility of a hidden retreat for itself, or where a slight draught 
blows flying insects into the outspread nest, or where fruit at- 
tracts them.”’ 

Indeed, if such were the case we might well say, that the 
spider shows the highest degree of intelligence. But while 
practice and experience may be worth something, my observa- 
tions of web building have inclined me to accept Wagner’s 
(67) explanation as nearer the truth. The determining fac- 
tors are, (1) The place where the particular species concerned 
habitually lives or hunts, (2) The shape of the foundation of 
the future nest, and, (3) The peculiarities of the spider’s or- 
ganism. Asis evident from the form of statement Wagner 
speaks primarily of the nests of spiders and not of their webs. 
We fail to see in the above any room for any psychic factors 
other than those which may be called instinctive. In placing 
the web imitation of the old by the young is impossible. None 
ofthe young of the species here considered ever see the old, 
and if they did their range of acute vision is too limited to 
allow them to profit by the example of the old. Apparently 
the young from the first choose the place for their web in the 
same way as the old. To be sure, they must be governed 
somewhat by their own size for upon this the size of the web 
in a measure depends. But the latter is also determined by the 
place chosen. This is in accordance with the third factor men- 
tioned above. Again, although spiders wander some, the large 
sluggish kind here considered do not go far. For example, a 
space of low land near a brook not more than thirty feet square 
had at one time 17 £. ¢rifolium, 12 A. transversa, 2 A. riparia, 
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2 E. strix, 2 E. corticaria, besides a large number of more 
active kinds. The second factor, the shape of the foundation 
of the future nest applies as well to the web. It is, in fact, the 
most important of all. Concrete examples will illustrate this 
as well as the others. A. transversa, No. 106, was brought in 
and placed in the same bunch of grass in which she had spun her 
webs in the field. This was done by digging up enough earth 
to hold the grass roots in place. This was placed in a small 
aquarium frame so that the grass stems might be the better 
supported. There were no glass sides or top. Her first at- 
tempt was to build from the end of the frame to the top of the 
table. In this case a line from a to 6 in Fig. 1 would have 
been the top horizontal foundation line of her web. Her first 
web spun in-doors was in the grass as shown in Fig. 1. This 
lay in a plane at right angles to that which the first would 
have had. She began this web only after more than an hour 
of wandering about. Fig. 2 shows her third attempt and sec- 
ond web. This, as may be seen, is in as different a position from 
the second as this was from.the first. Fig 3, shows her third 
web, much smaller and higher up than the preceding. Here 
she spun several webs and then the last one from the side of 
the frame to the top of the table. The degeneration in the 
successive webs I am certain is due largely to the fact that she 
found less and less firm supports, and smaller space in which 
to hang her web. In the first two attempts described above, 
where I saw her choose the place for her web, her method was 
clearly one of try and re-try, in the first having almost laid 
down the third line to the web and yet giving up for that day. 
E. trifolium, No. 48, was seen to persist for some time in an 
attempt to lay down the fourth foundation line in such a way 
as would have enabled her to make a web of the typical form 
and size. Failing in this she seemed to make the most of the 
possibilities. 

The place for and the material out of which to make the 
nest which £. ¢rifolium and the House Spiders use would seem 
to be chosen in exactly the same manner. ‘The former will 
bend over one or more heads of grass, Fig. 4; she may, and 
usually does, use leaves or blossoms of golden-rod, the leaves 
of birch or of some weed. Z£. strix, corticaria and angulata 
usually select leaves which they also bend into a bell-shaped 
nest. Yet &. sivix may use the blossom of Yarrow with no 
silk lining at all, the leaves of ironweed, or pull together into a 
bunch some heads of fine grass. She even occupies the aban- 
doned nest of £. trifolium. Any of them may make use of 
any corner, or crevice, which will furnish them with the 
thygmotactic stimuli over the surface of the body which seem 
to make them feel more at home. This would mean that they 
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Fig. 1 represents the first web spun indoors by Argtope transversa, No. 106. It, 


like all the figures in this article except 6 and 7, is a drawing by Dr. M. T. Thomp- 
son from photographs made by the author. /.s = foundation zone; »7=radii: ss= 
the main outer spiral space; /.z.=the free zone; n.z.=the inner zone; ##=—the 
turnings about; //s./=extra sub-supports, and a—é represents the top horizontal 
line of the first web which No. 106 attempted to build. 


are positively thygmotactic during the day. When night 
comes, they move out and stand in the centre of the web. 
Though £. érifolium habitually stays in the nest during the 
day except when wrapping prey, I have had three under ob- 
servation which, on finding no convenient place for a nest, 
stood in the centre of the web 2 da Argiope, detected the pres- 
ence of prey, and wrapped it in a perfectly normal manner. 
Though the nest is normally 30°-40° from the vertical and 
above the centre, Fig. 4, it is not always so. It may be below 
the centre or to one side. This is yet another indication that 
its location may be a secondary consideration. 

It is evident from the facts just given that the species here 
considered use for the nest whatever place and material comes 
most conveniently to hand. Their instinct must allow them a 
wide range of selection. Intelligent choice of either is appar- 
ently out of the question. Wagner (68) states that the water 
spider (Avgyroneta aquatica) shows no selection of water 
plants. They are always those gathered together by the 
elastic threads which she, like all spiders, always spins as she 
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The third web made by No. 106 in-doors. The effect of change of place is marked. 
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wanders round. She, like the spiders above, may build in a 
plant, in a depression in a piece of rotten wood, or in an empty 
shell. Such was his explanation of McCook’s observations 
on the Turret Spider which was found to have made use of the 
cotton, used by the collector to close an opening in the lower 
part of the spider’s turret, for a part of its underground dwell- 
ing. 


THE MANNER OF BUILDING THE WEB AND ITS VARIATIONS. 


The preceding section has led us naturally to wonder if the 
spider shows a like adaptation in the actual making of the web. 
As is clearly evident from what has been said of early writers 
on spider habits, the manner in which spiders build their 
webs has been fairly well known for a century or more. There- 
fore, the aim here will be more to emphasize the variations to 
be found, giving only such other facts as are necessary to fur- 
nish a sufficient setting for those in which we are primarily 
interested. 

Before proceeding with the variations to be found in web 
building, it will be well to fix upon some of the terms used in 
the description of the web. I shall use, so far as possible, the 
nomenclature of McCook (35, I, p. 54). That part of the web 
marked / s., Fig. 1, is the foundation zone where are placed the 
foundation lines, usually stronger than the other lines. The 
radii, vr, are the lines radiating from the centre. The spiral 
space, ss, isthat of the main outerspiral. The space, f z., is the 
free zone. The inner zone is indicated by m. 2. over which the 
spider is standing. 

The spider’s first task is to lay down the foundation lines of 
the web. She may be able to walk completely round the place 
in which she has chosen to place her web. If so, she holds the 
thread away with one hind claw from the objects on which she 
is walking, pulls it taut, fastens it at the corners, and she has 
the sides of her web. These may be three or more. If she 
must bridge over a chasm, she does so by feeding out a loose 
thread from her spinnerets with her hind claws until it strikes 
some object. In the semi-darkness in which I watched my 
spiders I learned to expect that the spider would make a start 
directly if she began to move the hind feet in this feeding-out 
manner. Her tactual sense is so acute that she detects the 
moment the thread strikes, at once draws it taut and travels 
along it. Some writers have claimed that the spider allowed 
the wind to pull out this thread, she only starting it; others 
have thought that the spider threw it out with force enough 
to carry it the required distance and attach it to some object. 
But Kennel’s (32) observations are in favor of the method 
first stated, and I have seen ¢vansversa repeatedly feed out the 
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thread. The distances bridged are too great—being sometimes 
30-40 feet, —to be explained by eitherof the other methods. It 
will be seen that by this means the spider may travel from 
place to place through the air as well as make supports for her 
web. The spider varies from one method to the other sup- 
posedly because of the character of the objects on which she 
builds. In case webs are hung to horizontal threads bridging 
wide spaces, these threads are doubled and redoubled until 
they are remarkably strong. 

In making the web the main supports are the first to be put 
in. Kirby and Spence (33 a, p. 232) suggest that some spe- 
cies may put in some of the radii first. A single observation 
of £. sclopetaria would point to the same as being true of this 
species. Then the spider lets herself down from about the 
middle of the horizontal support at the top and thus forms the 
first of the radii. After this the radii are put in from the cen- 
tre, the spider walking along an old ray and holding the one 
just being spun out with one foot so that it will not touch and 
adhere to the one she is walking on. After fastening it to one 
of the side supports she-walks back along it and perhaps 
doubles it as she returns. The order in which she puts in the 
rays is not without interest. The general plan is to alternate 
from above to below the centre and from left to right, though 
this order is not arigid one. Some have said that the spider 
has no appearance of measuring on the supports in order to see 
where to fasten the radii. My observation is that she does 
have such an appearance. Spider No. 106 saw fit to cut some 
of the lower radii which as first put in would have thrown the 
lower part of her web much out of line, Fig. 1. She did this 
by cutting them at the outer ends and swinging down on them 
until she struck the grass below. This made the entire web 
lie more nearly in the same plane. After the radii were all in 
No. 106 proceeded to test them. Her manner of doing this 
was to face in turn each group of radii and pull sharply sev- 
eral times after which she strengthened some ofthem. Above 
and below the centre in Fig. 1 may be seen three or four radii 
which are unusually strong. This, as well as the number of radii, 
indicate that the spider in building her web balances one side 
against the other. In the above example the grass supports 
were probably somewhat less stable than is usually true of 
those used by spiders in their natural habitat. Yet, judging 
from the finished product, cases not unlike this happen on the 
outside as well. No. 106 found that at one time she needed a 
sub-support, 7’ s.’, Fig. 1, and stopped to put this in, taking up 
the interrupted work again at the right place. Her next step 
was to putin the spiral from the centre out, Fig. 4. This 
serves her for a guide when she later begins, usually at the 
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lower outer edge, to put in the sticky spirals. The guide 
lines are cut out as they are reached by the spider when she is 
putting in the sticky parallel lines. As she places these latter 
we see that now if ever the spider needs all of her eight claws. 
One cannot but believe that here there is need of the nicest 
correlation of tactile and muscular sensations together with the 
most delicately co-ordinated muscular contractions. It is a 
revelation to see an £. angu/ata in almost total darkness fast- 
tening these outer spirals to the radii at the rate of almost one 
per second. In fact spiders are said by most writers to spin as 
perfectly in the dark as in the light. They must, therefore, be 
guided largely, if not wholly, by tactile and motor cues. There 
can be no doubt that here the spider measures, one claw always 
marking the place where the spiral is clamped to the ray by 
the spinnerets. All my observations would indicate that in 
putting in these outer spirals the spider goes round in a direc- 
tion contrary to the hands of a watch having put in the guide 
lines in the opposite direction. 

Before quite reaching the centre the spider ceases to put in 
outer spirals and to cut out the guide lines which here are very 
near each other. This space without spirals is the free zone, 
f. z., Fig. 1. It is left so, according to McCook (35, I, p. 58), 
in order that the spider may easily pass from one side of the 
web to the other. The few cases I have seen would indicate 
that the spider may perform this act very quickly. 

After the parallel lines are all in the Avgiope spread the 
spinnerets and plaster or darn the centre with wide strands of 
web. As they have no nest and habitually stand in the centre 
of the web this gives strength to the web and also a shield to 
stand behind, Fig. 6. However, this darning of the centre is 
often omitted. The -feirae do not plaster over the centre but 
gnaw out the fuzz collected there in drawing taut the radii, 
etc., Fig. 5. Fig. 4 shows a failure to do this. But before the 
Argiope take their position in the centre, they go directly be- 
low and turning round to pass upward, spread the spinnerets, 
throw the abdomen from side to side, and make the zigzag or 
‘‘winding stair,’’ Fig- 6. There is also an upper half to this 
structure. Yet, as is shown in several of the figures, the whole 
or a part of this is frequently absent, the upper half more often. 
Male spiders of A. riparia have sometimes the faintest sugges- 
tion of a zigzag. 

The function of this part, according to McCook, is to 
strengthen the web. May it not be also to aid these silver, 
black, and yellow spiders as they stand astride of the zigzag to 
a better mimicry of the plants about them, and thus be neither 
conspicuous marks for birds nor apparently different from ob- 
jects which insect prey alights upon? However, it is so incon- 
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Fig. 4 resents a half-finished web of Epeira trifoltum showing the ide lines, 
gl, chee the failure to gnaw out the fuzz in the center. . - 


This and Fig. 4 show the Srpeatent nest this spider often makes, as 
usual position with one fore-claw on the signal thread, s. ¢. 


323 

| 

| 

= Fic. 4. 

| 

= FIG. 5. | | 


324 PORTER : 


stant that its value, whatever it may be, is at present some- 
what questionable. 

Many of the webs of Argiope have what are called side- 
screens or guards. One such is shown in Fig. 9. These serve 
for protection and to cause insects to fall into the web. They 
would seem to be absent whenever there are no suitable objects 
near by to which to fasten the threads. They have been ab- 
sent in whole or part from most of the webs I have seen. 

Another adaptation not always required is to tie back the 
grass in order to make a place for the web. This is done by 
£. trifolium as well as by the Argiope. 

The webs of all spiders here considered have a normal slant 
of about 30° from the vertical. This slant is of much service 
to the spider. The web catches falling objects as well as flying 
ones. A more important consideration, however, is that when 
the insect is cut out it swings free from the web, hangs to the 
spinnerets and hind claw of the spider, and can be more easily 
carried up to the centre or to the nest. They have an awkward 
time of it if, as I have seen, they attempt to carry the insect 
on the upper side of the web. The webs vary within the 
widest limits as regards slant. That the slant given to the 
web is of the hit and miss sort with the constant corrective of 
the general instinctive tendency toward the normal position, is 
evident from what was said above of No. 106. No. 23 of the 
same species spun a series of some 10-12 webs in the same 
branched twig and no two had the same slant. 

The repair of webs by spiders has furnished material for 
much discussion. This seems to follow the same method as 
the building of the web asa whole. My spiders appear to il- 
lustrate again what Wagner has pointed out for nests of his 
water spiders. He purposely injured the nest to see what the 
spider would do. Their method of repair was like the mak- 
ing ofan entire nest. Where the spider would be expected to 
use her intelligence she does not. In repairing the web Argiope 
may put in the repair at a different slant, suggesting that she is 
proceeding by her method of building an entirely new web. 
Often one sees webs of Avgiope with two zigzags, Fig. 6. This 
shows how stereotyped is the connection between different acts 
of the web-spinning process. The two zigzags indicate that the 
spider in making the new web felt compelled to complete a new 
zigzag though she had not cut out the old one. This cutting 
away of the old web is the point at which Prof. Emerton 
thinks the spider offers us one of her very best examples of in- 
telligence. When she comes to the last act, the making of the 
zigzag, which now she need not do, a second one is put in, and, 
as shown in Fig. 6, it often does not coincide with the first. 
These two zigzags are often found in 4. riparia webs in a 
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A photograph of No. 23, Argiope transversa. This shows the quick adaptation of 
which this spider is capable, (See page 337.) Note the double zigzag and re-darned 
centre behind which the spider is standing ; also the wide strand which the spider 
= as she chased the fly over the web; the wrapped fly and the strand with which 
s 


e anchored it tothe centre. She has two feet on this anchor thread. 


state of nature. If the animal were exercising intelligent con- 
trol would she do this? Again, the act just preceding the mak- 
ing of the zigzag, that of ‘‘darning’’ the centre, as I have 
called it, is gone through with in the same way until the cen- 
tre is so well ‘‘darned’’ that the spider on the other side is 
hardly visible, Fig. 6. The fixed sequence of tactual or mus- 
cular impressions (or both), which guides the spider in making 
the web at first, probably impels her to go through all the re- 
maining parts of the process. 

The young of spiders are said by some to build imperfectly, 
but both Blackwall and Wagner deny this, Romanes (55, pp. 
216, 217). The webs of the young are small but very perfect. 
I refer especially to the young of £. sclopetaria. I have seen 
many of these spinning their webs in torn places of the web of 
a larger spider. They work as rapidly as the old, and the fin- 
ished web is as perfect. Indeed, according to my own obser- 
vations and, as I have seen stated elsewhere, their webs may 
be more perfect than those of the old. This might well be from 
the fact that the sticky lines of the web are not pressed together 
by their slight weight, and the web being so small (often no 
larger than a half-dollar), it is not so dfficult to find a suitable 
niche for it. 

JOURNAL—3 


325 
| 
| 
/ 
FIG. 6. 
$ 


326 PORTER : 


There are thus many adaptations to particular circumstances 
to be seen in theabove examples, which I believe are fairly ty pi- 
cal. Many spiders, no doubt, find weak supports for their 
webs, as must have been the case with No. 106. There can 
be little doubt that, since spiders of even the same species must 
build where the surroundings are widely different, they must 
have this instinct so plastic in certain particulars that the indi- 
vidual can make much use of the ‘‘trial and error’’ method. 
This, as will be shown later, need not involve conscious adap- 
tation. Yet where the conditions are such that there can be 
less change, as gravity for example, and certain directions, after 
the centre of the web has been once located, the actions are 
more stereotyped and fulfill in part the requirements of ‘‘tro- 
pisms.’’ 


A QUANTITATIVE MEASURE OF THE VARIABILITY OF IN- 
STINCT AS DETERMINED BY COUNTING THE ELEMENTS 
IN PARTS OF WEBS. 


In order to get a more exact measure of the amount of varia- 
bility in this web-building instinct, counts of five different 
parts of the Orb-web were made. These were as follows: (1) 
the number of supports or attachments to objects; (2) the 
number of radii; (3) the number of outer spirals above the cen- 
tre; (4) the number of outer spirals below the centre; (5) the 
number of inner spirals inside the free zone. As many succes- 
sive webs as possible were obtained from each individual 
spider. Series for A. transversa and £. trifolium for both in- 
and out-of-doors were obtained. With £. sclopetaria separate 
counts were not necessary for the reason that she is equally at 
home in either place. A few counts were made for different 
individuals of £. strix, patagiata, corticaria and A. riparia. 
As the latter is very closely allied to 4. ‘vansversa, and my gen- 
eral observations have been perhaps more extended with her 
than any other, I am certain that what is shown to be true of 
the ¢vansversa webs will be found to be true of 7ifaria when 
actual counts are made. ‘‘Outside’’ and ‘‘inside’’ indicate 
that the webs were spun either in-doors or out-of-doors. Av. 
stands for the average, M. V. the mean variation, and Ex. V., 
the extreme variation. 


Epeira trifolium. 


In field. Supports. Radii. Outer Spirals. Inner 
No. of No.of above below. _ spirals. 
Spiders. Webs. Av. 12.15 23.07 14.46 27.02 8.38 
20 go M.V. 1.94 2.28 2.92 3.62 
7 13 3 7 4 
{13 31 23 37 Ir 
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Inside. Supports, Radii. Outer Spirals. Inner 
No. of No.of above below. spirals. 
Spiders. Webs. Av. 10.28 18.9 9.06 17.88 5-27 
16 42 M.V. 2.19 2.79 3-16 4.29 1.09 
7 12 5 3 
Ex.V. { 24 25 Pe 32 9 
Individual E. trifolium. 
Inside. 7 20 _ 20 5 
7 22 — 20 7 
Spider No. 3, 9 23 15 20 8 
13 22 12 19 5 
II 22 15 24 5 
Spider No. 12, 10 21 13 24 7 
Io 25 13 22 6 
12 23 Ir 24 4 
10 20 7 5 5 
9 19 14 5 6 
Outside. 14 19 II 16 4 
Spider No. 160, 12 23 14 26 4 
14 25 16 27 6 
13 21 14 27 6 
14 27 16 30 > 
12 26 16 28 8 
17 16 Io 18 5 
II 20 14 26 4 
14 20 II 26 7 
14 23 14 24 4 
Spider No. 164, 9 28 17 29 5 
12 22 18 28 6 
12 23 21 34 7 
14 27 19 27 8 
12 26 18 29 6 
14 20 13 26 | 
15 23 2I 35 6 
14 26 oe) 34 7 
Argiope transversa. 
In field. 
No. of No. of 
Spiders. Webs. Av. 13.71 27 16.16 28.44 8.1 
18 52 M.V. 2.54 6.27 1.66 6.09 1.13 
17 3 8 3 
Ex.V. { 19 44 13 
Inside 
No. of No. of 
Spiders. Webs. Av. 13.5 26 10.6 22 7.5 
23 M.V. 2.02 4.78 7-13 7.78 1.69 
15 2 5 
{38 35 2938 12 
Individual A. transversa. 
Inside. 33 25 7 
Spider No. 106, 15 35 19 44 Ir } 
12 27 3 18 12 q 
14 27 23 8 
18 22 4 19 9 ' 


| 


Outside. 
Spider No. 106, 


Inside. 
Spider No. 23, 


Outside. 
Spider No. 117, 


Outside. 
Spider No. 39, 


No.of No. of 
Spiders. Webs. 


33 82 


Spider No. 92, 


Outside. 
Spider No. 2a, 


Spider No. 6a, 


Inside. 
Spider No. 17, 
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Supports. Radii. Outer Spirals. 
above below. 
15 20 22 10 
13 var 29 14 
19 33 37 23 
14 33 38 
9 30 14 30 
12 34 22 36 
13 32 22 33 
15 24 2 10 
18 32 18 20 
14 20 12 16 
12 22 9 II 
9 20 II 18 
13 19 5 8 
10 22 12 17 
9 17 5 8 
12 19 | 14 
12 21 10 14 
12 20 II II 
15 22 9 10 
Epetra Sclopetaria. 
Av. 8.36 18.57 17.13 22.04 
M.V. 1.12 2.51 3-43 3-94 
‘5 II 7 14 
Ex.V. ' 14 25 28 35 
Individual Sclopetaria. 
7 17 8 14 
9 23 22 20 
8 20 16 28 
7 17 23 24 
8 23 28 27 
10 23 a: 
8 16 15 14 
10 16 10 22 
9 15 21 28 
9 17 21 28 
II 20 24 32 
9 18 20 
10 16 19 23 
Individual Epeira Strix. 
13 21 19 35 
9 21 17 23 
10 13 10 13 
9 20 28 43 
10 23 23 43 
10 28 20 29 
9 26 25. 41 
10 22 II 22 


Inner 


spirals. 


6 
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Individual Epeira corticaria. 


. Supports. Radii. Outer Spirals. Inner 
Outside. above below. spirals. 
Spider No. 4a, 6 


Spider No. 5a, 
Spider No. ra, 


Inside. 
Spider No. 51, 


10 
9 
Individual Argriope riparia. 
Outside. 
Spider No. 2 (n.s.), 


In making up the above tables care has been taken to leave 
out a very few of the most irregular webs made by spiders 


either in-doors or out-of-doors. Such irregularities were clearly 
due to very bad weather or to abnormal physiological condition. 
The most important part of each table is the number of radii. 
The outer spirals above and below come next in value. The 
supports and the inner spirals were most difficult to count and 
are of least value. It is not at all difficult to see from the 
above tables that there is great variation in the number of 
parts of the spider’s web. The M. V. rarely falls below ten per 
cent. of the average and much oftener is much larger. The 
statement often found that ‘‘spiders build their webs with 
almost mathematical precision’’ needs qualification. To be 
sure, the members of the same species build a web, at any rate, 
of generic, if not specific value, if we make the web our basis 
of classification. But this value depends on the general ar- 
rangement of the parts, the size of threads used, and the pres- 
ence or absence of certain parts. It could not be determined 
from the number of parts alone. Rainbow has therefore rightly 
objected to making the web of taxonomic importance, especially 
those spun under other than normal conditions. There is too 
much variation. Changes probably both external and physio- 
logical demand, as we have seen in the concrete examples of 
the building of the web, changes of procedure from the indi- 
vidual. There is greater variation in the results obtained from 
webs spun in the laboratory than from those spun outside. 
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But the number of spiders is very different. We do not know 
but that this difference would be diminished by using a larger 
number of spiders. Again, on the inside, every bit of the web 
was usually torn away by me each evening. Outside, the 
spider did her own tearing down of the old web before building 
anew one. From what little I have observed of this tearing 
down the spider in many cases leaves intact the old foundation 
lines. Combining these conditions with the change from out- 
of-doors to in-doors the greater variation is not surprising. 

The results for individual spiders show that the variation is 
in part an individual matter. It is due, in large part at least, to 
particular conditions which the individual in question must 
meet. That this factor of variability between successive in- 
stinctive acts of the same individual appears in all the impor- 
tant tables above is of great significance. This would seem to 
be a much better measure of variability than the variation 
found to obtain between a single instinctive act, performed but 
once by a single individual of the same species, for example, 
the bending over of a blade of grass to make a cocoon. Prof. 
Davis (15, p. 47) has proposed such a measure of the varia- 
bility of instinct. Indeed, he has found such by measuring 
the length of the fold in the blade of grass which the unknown 
spider uses for its cocoon. His abstract I quote in full: ‘‘A 
series of 222 nests of another species of spider, which binds 
grass or sedge blades in a peculiar fashion to form boxes for 
the protection of its eggs, was exhibited and a preliminary 
report on the variations and their causes was presented. 
Marked individual differences, including several anomalous 
types, appear, which probably represent (apart from accidental 
variations due to mechanical conditions) both variations in in- 
stinct and ingenious ‘accommodations’ to unusual conditions. 
Variations in length of the regular ‘modal’ forms conform 
closely in their distribution to the normal curve of frequency. 
In spite of the undoubted presence, in this case, of numerous 
factors which it is difficult to eliminate, it is thought that an 
objective measure of the variability of instincts may be 
possible.’’ 

How much of this variation, one would like to ask, is due to 
the size and age of this unknown spider or the difference in 
the width and thickness of the blade of grass? That some ot 
the variability shown in the above tables and in other portions 
of this paper is due in part to similar causes I have no doubt. 
This will be made clearer by the curves given below. Until 
we can get, however, successive products of the same instinct- 
ive act by the same individual, and prove that such give us 
variation, there is not much progress to be hoped for in arriv- 
ing at a satisfactory quantitative measure of the variability of 
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instinct. At any rate, careful observation of the behavior of 
the spider in the performance of these instinctive acts is very 
desirable. This has not yet been done for the making of the 
cocoon above referred to. 


A B 


FIG. 7. 
A represents the distribution of the number of supports in 90 webs of 20 E. trifolium 
spiders in the field; B the same of 82 webs of 33 E&. sclepetaria; C of the radii of the 
. trifolium in A; D of the radii of 52 webs of 18 A. transversain the field; E of the 
Outer Spirals (below) of the £. sclopetaria in B; F of the Outer Spirals (above) of the 
same webs as in E; and G of the distribution of the number of Inner Spirals of the 
A. transversa in D. 

In Fig 7, A, B, C, D, E, F, G, will be found a graphic rep- 
resentation of the distribution of the number of elements in the 
parts of the web by the method of surface frequency. The 
number of elements is represented on the base line in inches. 
The number of times this number of parts occurs in the webs 
is indicated by distances in inches above the base line. Only 
a few of the diagrams that could be made from my data will be 
represented here. The terms used in connection with each 
curve are made intelligible by the preceding tables. The 
above curves show more clearly than the tables which pre- 
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cede the great amount of variation to be found in the webs of 
spiders The supports and inner spirals vary within much 
narrower limits. If we had cases enough it is possible that 
these curves would all more closely approximate the curve of 
normal probability for mental traits. They might not show 
what some of them seem now to show. For example, in D, 
representing the radii of 4. ¢ramsversa in the field, there are 
really two curves, that is, the curve which we should expect 
for an animal that is at the present time developing two sepa- 
rate types of habit in this respect. However, as separate cal- 
culation shows, these separate rises in thecurve are due to the 
fact that I have combined two separate counts; one, the first 
made late in the season, and the second made the next year 
but much earlier in the season. It is probable, then, that the 
age and size of the spider, the season, and possibly other fac- 
tors, make it advisable to control the conditions, if possible, 
a little more carefully, at least to take cognizance of their pres- 
ence, in the interpretation of results. However, the curves do 
not make it impossible that, so far as parts of the web are con- 
cerned, new habits might arise. As pointed out on pp. 310, 314, 
both this variation and, indeed, the possibility of the devel- 
opment by a single species of two types of habit are not totally 
new suggestions. Emerton (20) ina number of places in his 
recent book states that the number of radii for certain species 
varies between given limits. McCook (35, I, p. 107 ff.) also 
has counted and measured the webs of a number of different 
species. This same writer also states that certain £. ¢riavanea 
and other species often spin threads across the open sector 
usually left free by this species. He suggests that here there 
may be a development into two different types of habit. How- 
ever, no one (except Prof. Davis, as indicated above, ) so far as 
the writer knows, has undertaken by this or any other means 
to obtain a quantitative measure of the variability of instinct. 

In this connection occurs the very interesting, if at present 
insoluble, question as to whether function precedes structure 
in development. The above facts suggest that change of func- 
tion may lead the way in the development of new structures 
or species. The nervous system being the most plastic tissue 
in the body might naturally be expected to lead in those acci- 
dental or other changes that give an opportunity for the work- 
ing of natural selection. 


THE TIME OF SPINNING THE WEB AND THE STIMULUS 
WHICH SETS THE WEB-SPINNING Act GOING. 


It was not long after my counting of the parts of the web 
began that I was curious to know just when the webs were 
spun, especially by the Arvgiope and £. trifolium. I often 
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visited these spiders in the laboratory in the evening and first 
part of the night, but found that they did no more than move 
about a little. Two /vansversas which were in the field did 
nothing during the first part of the night. This was not 
true for £. sclopetaria and angulata, the young of which spin 
at most any time of day, while the older ones of these species 
usually spin at nightfall. 

As a result of the above observations I began to watch at 
three A.M. On the first morning Nos. 106, 105, and 1109, all 
transversas, began to move at about the same time. Nos. 98 
and 99, £. sclopetaria, moved about, although they had spun 
webs at four Pp. M. on the day previous. This was at 5.30 A. 
M. about the middle of October. On the following morning 
the same reaction to the first appearance of dawn was noted. 
One 16-candle power incandescent lamp was left burning some 
twenty feet distant. This may account for the fact that No. 
106 began before 5 A. M. on two later occasions. 

On. Aug. 17th of last year I visited eleven 4. riparia in the 
field at 3.30 A. M., and found all but two with the webs about 
two-thirds finished. These two had apparently just finished 
spinning. This was an agreement that I had hardly looked 
for. Again, in the month of September, I visited other webs at 
5.30 A. M. and found one £. ¢rifolium and three A. transversa 
with webs not quite finished. Prior to this I had noted that 
an early morning rain had stopped several A. riparia at about 
the same stage of progress in the making of their webs. 

Most of the above facts seem to suggest that a common 
stimulus which sets them spinning is the amount of light. It 
is hoped in the future to determine this matter by actual ex- 
periment. With A. transversa and A. riparia this would seem 
to be when dawn begins to break, with £. sclopetaria and 
£. angulata when twilight gives way to darkness or perhaps 
in the morning as well. I tore away the webs of Nos. 98 and 
99 at about the time in the evening for them to build if they 
were going to do so. They spun the next morning with the 
transversas. At any rate, so far as this study has gone, there 
seems to be a pretty definite reaction in this regard. Of course, 
one cannot be absolutely certain that light was the stimulus, 
but the coincidences point in that direction. Changes in 
weather and other conditions modify this reaction. 

The above agrees well with what Prof. Emerton (20, p. 161) 
says of the three House /feirae of which £. sclopetaria is one. 
‘*The webs are made usually at nightfall, very young individ- 
uals beginning to spin soon after sunset and larger ones be- 
ginning later, those that are full grown often waiting until 
dark, but some of them will occasionally spin their webs at any 
time of day.’’ 
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We must conclude, then, so far as evidence goes, that the 
change from darkness to light and vice versa is the stimulus 
which usually sets the act of spinning going. The time at 
which the web is made would seem to have some significance 
in the life of the spider. I have seen sclofelaria remain undis- 
turbed in her nest when her web was filled with flies. She and 
her close relatives probably feed at night, and hence the mak- 
ing of a fresh web at nightfall. Just what causes some or 
most of the young of this species to settle upon this time as 
they grow older, and in how far they doso, is a very interesting 
point which awaits further study. The Argiope and £. trifo- 
lium probably feed mostly in the daytime and on day-flying in- 
sects. Hence the importance of having a fresh sticky web with 
which to begin the day’s work. If made the previous evening 
the web would be a much less efficient instrument for ensnar- 
ing prey. 

‘| In this connection may be mentioned the place which the spider 

is said to hold asa weather prophet. Buchner (7 a, p. 317) says: 
‘‘When a storm threatens, the spider, which is very economi- 
cal with its valuable spinning material, spins no web, for it 
knows that the storm will tear it in pieces and waste its pains, 
and it also does not mend a web which has been torn. If it is 
seen spinning or mending, on the other hand, fine weather may 
generally be reckoned on, sothat spiders have long served as 
weather prophets.’’ However, the observation of the Peck- 
ham’s (41, p. 383) led them to write as follows: ‘‘After hav- 
ing observed spider after spider building a new web on the 
eve of a storm, how shall we explain the statement (which I 
have just quoted from Biichner). This would be, no doubt, 
the wisest way for spiders to act under the circumstances and 
Dr. Biichner is in very illustrious company when he—uncon- 
sciously, of course—orders the actions of such simple creatures 
in full accord with the higher reason.’’ My observations 
agree perfectly with those of the writers last quoted. The 
reader will recall that Menge’s conclusion as stated on page 309 
isin agreement with this. I have seen any number of webs 
the making of which was stopped by a storm. Again, I have 
seen giant riparia webs, two and one-half feet across, spoiled 
by a rain only a short time after they were completed. In late 
autumn No. 39, A. ¢ransversa, spun while it was raining and 
sleeting. Facts such as these make it impossible to believe 
that these species are good prognosticators of the weather. 


THE FEEDING HABITS AND INTELLIGENCE OF SPIDERS. 


The feeding habits of spiders have been studied both in-doors 
and out-of-doors. Insects, grasshoppers, flies and bees were 
caught and placed on the web. Observations were also made 
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on the behavior of spiders which caught their own prey ina 
perfectly natural manner. Notes were made at the time the 
spiders were feeding. In what follows the emphasis will be 
placed on the variations found to occur in the several acts 
which together constitute the feeding habits or instincts rather 
than on the identities which are, of course, of easy demonstra- 
tion. 
As pointed out above all spiders are voracious eaters. This 
explains their noticeably rapid growth, as well as the great 
variation in size in spiders which evidently have come from the 
same cocoon. Since, as in the case of A. riparia, and trans- 
versa, the young hatch in winter and do not come out of the 
_ cocoon till May, it is possible that there is a by no means in- 
significant struggle for existence while the young are in the 
cocoon so many months together; and the suggestion of Wilder 
and Lécaillon that the young eat each other is not at all an 
impossible one. This would certainly explain the marked 
differences in degree of development which are found. £. sclope- 
‘aria that live near a door to a house where there is an abun- 
dance of flies may become’as large as a full grown £. ¢rifolium 
while others, certainly as old, may be quite small. 

The spider’s first task is to detect the presence of prey in the 
web. Todo this A. riparia and transversa stand at all times 
in the centre of the web on the under side with the eight feet 
carefully placed on as many radii, these being drawn a little 
taut by the spider, Fig. 1. £. ¢vifolium and the house spiders 
usually stay in the nest with head pointing downward and with 
the first or second claw on either side holding a thread which 
is attached to the centre of the web, Figs. 4 and 5. This 
thread is spun last as the spider returns to her nest and is free 
from everything except the centre of the web and the spider’s 
claw. It is a sort of signal thread. The House spiders may 
place their feet on the ordinary rays. When an insect strikes 
the web none of these spiders, as a rule, rush headlong after 
it. The Arxgiope may often be seen to draw the rays just a 
little tighter. £. ¢vifolium and the House spiders start just a 
little out of the nest. It is as if they needed first to be 
awakened. They may stop several times before they reach the 
centre, presumably to see if their own movement has shaken 
the prey out of the web. At the centre they try, by halting a 
longer or shorter time, to locate the exact place where the 
insect may be found. That the centre is a better place for lo- 
cating prey than any other in the web is shown by the fact 
that spiders often go the centre when a much shorter way is 
open to them. Boys (6, p. 149) has shown experimentally 
with the tuning fork this value of the centre for purposes ot 
orientation. ‘They may also halt after they have left the cen- 
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tre. It is very interesting to see the spider during one of 
these halts suddenly jerk on the rays several times and then 
apparently wait for the stir which this should cause the insect 
to make. Whether or not the spider is then in an expectant 
state of attention is at present impossible to determine. 
Though usually so, spiders are not always infallible in locating 
their prey. They sometimes go four or five centimeters too 
far to one side. 

The Argiope often do not wrap flies until they have carried 
them back to the centre. They may treat them as they always 
do a grasshopper—wrap them without first biting and poison- 
ing them. Individuals of £. ¢rifolium have always wrapped 
first except in one case in which I observed No. 170 catch a 
fly in her mandibles and not wrap until a strong wind appar- 
ently compelled her todoso. E£. ¢trifolium, E. sclopetaria and 
strix after wrapping usually carry the insect up into the nest, 
but there are exceptions to this. Before £. trifolium carries 
the food to the nest she, like the Avgiope, returns to the centre 
of the web. Spiders generally spin a thread after them wherever 
they go, that at any time they may retrace their steps. The 
Argiope are usually anchored to the centre of the web so that 
they are prepared at once to spin their threads on the sudden 
appearance of food. These threads are often made much 
stronger than a single one by a spreading of the spinnerets. 
But in wrapping the insect this thread connecting them with 
the centre is lost and a new one must be spun; hence the trip 
back to the centre. I have seen £. ¢rifolium spin as many as 
three of these threads back to the centre. This is, without 
question, an adaptation to enable her to care for an extra large 
insect. Nos. 106 and 105 have returned to the centre two or 
three times when the insect was an especially difficult one to 
deal with. 

Nos. 14 and 106 showed caution at times in wrapping grass- 
hoppers. Caution was also evident in the actions of No. 24, a 
very large ¢rifolium, when she was trying to get over the web 
to her food. The single £. stvix which I had in the laboratory 
had been fed on flies until one day I gave her a grasshopper. 
This led to some interesting actions on her part, as there seemed 
to be an element of surprise in her behavior. Before she 
reached the centre she stopped to jerk the rays two or three 
times. At the centre there was a halt for an instant. After 
leaving the centre to go down she stopped three times, giving 
to the radii several quick jerks each time. After reaching the 
grasshopper she tapped it some fifteen or more times before 
climbing on its back to search for a vulnerable spot. Finding 
it where spiders often find it, between the abdomen and thorax, 
she at once began to poison her victim. It does not take long 
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for this poison to take effect, as the grasshopper ceased to 
struggle within less than two minutes. The web of &. strix 
is not suited to holding strong insects like a grasshopper, as I 
have observed out-of-doors. _McCook’s observation, that she is 
nocturnal in habits, suggests the same thing. It may be that 
this was a new food to her; she certainly acted as if it were. 
I tried feeding her grasshoppers after this, but could never get 
them ensnared in the web. ‘They always escaped before she 
reached them. 

A. transversa No. 23 seemed to show quick adaptation to a 
sudden change in circumstances when a blow fly was placed in 
her web. Just as she was on the point of reaching the fly it sud- 
denly tore loose fromthe web. In an instant she was after it and 
had spun at the same time a wide strand behind her, the latter 
evidently because she was, as it were, already in the act of wrap- 
ping the insect. Fig. 6, page 325, shows the path she followed 
in catching the fly and the wide strand with which she an- 
chored it to the centre. This is, at least, a rather extraordi- 
nary occurrence to which the spider did not fail successfully to 
adapt herself. We might interpret this as proof that the Orb- 
weaver can become an active and hunting spider, though I am 
not inclined to make so much out of it. Earlier writers have 
recorded observations seeming to show that an Orb-weaver 
losing a number of its legs took on the roving habit and 
attempted to secure its food in this way. Heineken and 
others, according to McCook (35, I, p. 78), have thrown con- 
siderable doubt on this point by removing, in some cases, all 
but three of the spider’s legs and yet finding no change in the 
habits. A number of spiders have come under my observation 
which had suffered the loss of one, two, and even three legs. 
An example of the last I had under observation for three 
weeks. She showed no disposition to become a rover, spun a 
normal web, or fairly so, caught insects as well as a normal 
spider and received in a hostile manner the attention of a six- 
legged male. She was certainly hostile enough toward him to 
have been the cause of his deformity. 

No. 14, A. transversa, treated some of the flies fed to her in 
a manner peculiar to herself. The instant she seized the fly 
in her jaws she let go and swung free, but at once climbed the 
thread she was suspended by, and was back at the centre 
where she wrapped her prey. This would do for small prey 
and was a matter of economy; for this procedure would no 
doubt save the web from being needlessly torn. 

The spider has been said to show intelligence in the treat- 
ment of objects that fall into its web. Such, for example, as 
the cutting out of pieces of rotten wood, large insects, etc. I 
have tried tossing pieces of the hairy seeded spike of foxtail 
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grass into the web of riparia. She wrapped the first one 
thrown in but on feeling of it more carefully cut it out, and 
let it drop, seeming to save as much of the wrapping as possible. 
After a short interval another piece was tossed in. She did not 
wrap this but merely cut it out, treating several more in the 
same way. After a time she paid no attention whatever to 
the pieces. 

Was this an indication that she very readily detected the 
sham, modified her behavior, and later ignored it altogether? 
Does this behavior transcend the possibilities of instinct alone? 
Dahl’s experiments, the results of which are given above, led 
him to conclude that spiders infer from analogy as well as profit 
by experience; also that they have a memory lasting several 
hours. But these experiments are almost all identical with 
Morgan’s classical chick experiment and certainly need imply 
nothing more than ability to profit by experience. In many of 
my feeding experiments I have found spiders very uncertain 
quantities. They refuse to act when, to the human observer, 
there is no assignable reason for such a refusal. My attempts 
to corroborate Dahl’s results (14, p. 173) are, so far, too few to 
allow of any generalizations. One £. ¢vifolium would come no 
nearer than an inch and a half to the grasshopper which had 
been dipped in turpentine. The odor must have reached her 
from this distance, and I concluded that the solution was too 
strong. The Peckhams (41, pp. 393, 394) also found some 
evidence of ability to modify the ‘‘feigning instinct,’’ and some 
proof of memory. Montgomery (38, p. 84) thinks that a male 
spider is just a little more wary in his attention to a second 
female if he has been treated roughly by the first just a short 
time before. From the results obtained by these writers and 
the few of my own which bear upon this point it is probable 
that spiders can learn and retain for a short time what they 
have learned. It is certainly premature to conclude that they 
infer from analogy. Further experiments are a great deside- 
ratum, however, in order that we may know how their intelli- 
gence compares with that of ants, bees, wasps, and the lower 
vertebrates. 


THE WEB-SHAKING INSTINCT. 


One of the most curious of the reactions to be found in two 
of the species of spiders dealt with in the present study is the 
instinct to shake the web. The Peckhams (41, p. 411) have 
noted something like it with Zfezra strix. ‘‘Number one shook 
her web with sharp jerks when a branch to which it was at- 
tached was moved; and did the same when she was lightly 
struck.’’ I have seen Cyclosa turbinata do this when her web 
was jarred by near approach to it. In one case only was I 
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certain that £. sclopetaria shook her web. The amplitude of 
this vibration may be, for the centre of the large webs, at least 
four or five inches. This is not at all unlike the rhythmic 
swing which the boys like to give to the long foot-bridges 
across streams to the consternation of their weaker or more 
unfortunately placed companions. This is the only case with 
this species of which I am sure. It is true that this jerking 
may be analogous only to that which is to be seen in many spi- 
ders, when they shake the web, when objects fall intoit. They 
seem to try to dislodge the foreign object by jerking sharply on 
the rays. And this may not be the same as the slow regular 
vibration which 7zparia and transversa give to their webs. At 
any rate, this may be brought about by bringing some object into 
the spider’s range of vision which, if she is otherwise undis- 
turbed, seems to be about one-half an inch. Other disturb- 
ances may also cause it. The spider may remain in the centre 
and shake the web or run to an upper corner shaking the web 
as she goes. 

The usefulness of this instinct is not far toseek. Any enemy 
that is in pursuit over the web is placed in close straits in 
order to avoid the sticky concentric or parallel threads; or what 
is better still any large insect, a grasshopper, for example, 
which has only a partial lodgment and would do the web great 
harm if allowed to kick undisturbed, is aided in his efforts to 
escape. 


VISION IN SPIDERS. 


This section follows immediately that on the instinct of shak- 
ing the web because it was the manifestation of this latter 
that led me to observe and test the sense of sight in spiders. 
As I have already said, the object, the sight of which is to in- 
duce the vibration must be brought very near to the spider. 
But I soon observed that after the vibration was started the ob- 
ject need not be brought at all so near in order at once to cause 
the spider to increase the amplitude of the vibration. After 
this increase subsided another test could be made with the same 
results. Many tests have been made in this way. At least I 
am convinced that to awaken the spider, so to speak, witha 
preliminary disturbance is sufficient to increase her range of 
vision, at least, some six or eight times. This was for a piece 
of white card-board one inch square and fastened to the end of 
a brass wire so that it might be handled conveniently. With 
riparia I have noted that a movement of my body two and one- 
half feet away was followed by an increase of vibration. Fur- 
ther experimentation is necessary before I can be absolutely 
certain that jars were entirely eliminated. I have thought that 
clothes light in color and moving objects were detected when 
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farther away than darker and fixed objects. Of course, if the 
spider is tested while she is shaking the web this is equivalent 
to making the object move. 

Another sign which they give on seeing an object consists 
in elevating slightly the posterior end of the abdemen. The 
distance which is sufficient to produce this is about one inch. 
This would seem to be about the normal limit of vision for 
E. trifolium so far as I have been able to test it. One of 
the latter species failed to see another individual of her own 
species, which was made to invade her nest, until very near. 
Agelena naevia did not spring for flies until they were about 
the same distance from her. I have, nevertheless, seen a 
Phidippus tripunctatus jamp a distance of fully an inch and a 
half and catch another spider, 7e¢ragnatha laboriosa, which 
was eating a fly in her own web. 

The distance given above for Avgiope, at which they seem 
to detect the presence of objects is not by any means unheard 
of. Hentz and Bingley have both given to spiders a very keen 
sense of sight. The Peckhams (41, p. 402) on the basis of 
their observations of both males and females make the follow- 
ing statement: ‘‘The ocelli of some spiders, then, enable them 
to see objects at a distance of at least ten inches.’’ Forel (24), 
however, calls a fly stupid that could not escape from a spider, 
but he probably underestimates vision in spiders. 

The spiders of the authors just quoted are perhaps the more 
active or hunting spiders. It is not asserted here that the large 
and sluggish Avgiope can do more than detect the presence of 
an object at a distance of six to ten inches. It would be quite 
another thing for them to distinguish a fly or another small 
spider as prey and spring upon it at this distance. But the 
question may very well be asked: Would it not be rational 
to suppose that, after being made to vibrate once and thus put 
on the alert, the spider should be able to see farther and better 
and thus at any rate detect the mere presence of a large and 
light colored object? It will be recalled that Dahl gave spiders 
both a far and near range of vision although their eyes consist 
of eight of the simple ocelli of insects and have little or no 
power of accommodation. 

It may be, however, that all we have in the above is a proof 
that attentive vision in spiders is more effective than inattentive 
vision. As suggested in the section on Feeding Habits, there 
is some proof that the spider must be first awakened before she 
starts off to catch and wrap an ensnared insect. These results 
on vision would indicate all the more that the spider is in a 
more or less sleepy condition while she is in the nest or stand- 
ing in the middle of the web. The spider’s manner of life is 
such that we might expect it to require periods of profound 
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rest. The making of the complex web in from three-quarters of 
an hour to two hours, as well as the wrapping of prey, demands 
the expenditure of an extraordinary amount of energy in a 
comparatively short time. It would seem best, then, to regard 
the above facts as most satisfactorily explained by greater 
alertness. 


THE MATING INSTINCT IN ARGIOPE. 


This instinct is one of the most interesting in spiders, or for 
that matter in the whole animal kingdom, and this is especially 
true when the subject is approached from a psychological point 
of view. Some of the difficult questions that press for answer 
may be stated as follows: What starts the male in his search 
for the female and does he search for her at random or is he 
guided by some sense or senses susceptible to special stimuli? 
Do males of closely allied species ever get on the webs belong- 
ing to other species? Are there definite steps in the male’s ap- 
proach to the female? How far is it true that there is a battle 
for supremacy among the males? Does the female exercise 
any choice among the males? ‘These and other questions are 
suggested in the investigation of this instinct. 

In what follows I shall not try to solve any of these, but 
merely offer a few facts gathered in an incidental way on some 
of the questions raised. My observations are confined, so far, 
to two species, 4. ¢ransversa and riparia. ‘The male of riparia 
was first observed on the edge of the web, or on the side- 
screens to the web, of the female. In a few instances the male 
made a very imperfect web of his own. The next step showed 
the male above the female at the upper edge of the web, and 
on the same side. From here he gradually went down toward 
the female and often stood for hours an inch or so distant. Next 
the male spent several hours, in one case a day or more, on the 
opposite side of the web and very close to the female. With 
the male in any of these positions one could easily see that he 
was keenly alive to every movement of thefemale. If the wind 
shook the web so as to make it necessary for her to readjust 
herself, the male followed her with a readjustment of his own. 
Just before she moulted the male again took his position on the 
same side of the web and immediately above her. See Fig. 8. 
This moulting takes a variable time with different females. 
My observations as to the manner of moulting agree perfectly 
with those of Montgomery (38, p. 145). He says ‘‘the moult 
in all spiders follows the same plan: a horizontal split of the 
old skin along the side of the abdomen and of the cephalothorax 
(here just above the leg and the jaws), so that the skin breaks 
into a dorsal and ventral piece. This is quite different from the 
process of moult in insects and crustacea.’’ This manner of 
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Fic. 8. 


This figure represents the third main step in the approach of the male, M., to the 
female, F., in the mating of Argiope transversa (see text). It may also represent the 
end of the first step. 


splitting horizontally is very well shown in Fig. 11 below. In 
oue case the moulting and copulation was all done in four hours. 
In another, the female was beginning to moult in the morning at 
eight A. M., copulation began at 5.45 Pp. M., and the male was 
caught and wrapped by the female at 7.07 p.m. During the 
latter part of the moulting while the female’s legs were about 
half out of the old skin, the male was constantly following the 
progress of the moulting. The moment she freed herself from 
the old skin he took the position shown in the accompanying 
drawing. She hung suspended by the wide strand of web 
which had exuded from the spinnerets while she was moult- 
ing and which is clearly shown as attached to the old moult, 
her legs all hanging limp. After a time she supported her- 
self by taking hold of the threads of the side-guard of her 
web. After one hour and twenty-two minutes of copulation 
she suddenly brushed the male off and wrapped him as she 
would any other prey leaving him attached to the strand to 
which she had been hanging. She then took her position 
head down in the centre of her web. See Fig. 12, which shows 
the sequel of many acts of mating with the Argiopfe. The next 
morning conditions were unchanged except that she had cut 
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This figure shows the second step in the ooutinet of the male toward the female 
in Argiope riparia. Any of these figures illustrating the mating of one of these two 
species illustrate that of the other as well. 


FIG. 10. 
This figure re sageemete the copulation of Argiope riparia. The female, F., has just 


dropped from the moulted skin, m.s.; m. is the male. 


Bil 
(/ 
| 
/ 
WN 
| 


344 PORTER : 


out the moulted skin which had lodged in the lower part of 
the web with the wrapped male still suspended from it. 

While I believe the above process often happens, the death of 
the male is not always the sequel, nor does he always succeed in 
taking advantage of the female’s moulting to secure the neces- 
sary position for copulation. In another case the female had 
moulted and yet the male made many attempts toapproach her. 
At times she seemed passive, but at others she was hostile and 
drove him away. Atnight, when observations were discon- 
tinued, he rested with one fore foot on one of her hind feet. 
The following morning she had disappeared leaving him alive 
on the web. In this case the male failed to take advantage of 
the female’s helplessness, immediately following moulting, or 
she failed to entrap him after coition was accomplished, and he 
continued in his attempts for repeated copulation. When I 
placed him on the sticky part of another web he was immedi- 
ately caught and wrapped. (In another case I atoned for this 
act by freeing a male who had stuck to the web of rifavia. He 
lost two legs in the accident.) The malesmust keep free from 
the adhesive spirals if they would be safe. 

What must have been a similar case was observed in 4. 
transversa. ‘The male had gone through the same steps as for 
riparia. He was present at the moulting and may have suc- 
ceeded in the act of coition for a few seconds during the moult- 
ing, but following this he did not again succeed in copulating 
although he made every effort to do so. Most of his efforts 
were confined to the dorsal side of the abdomen on the oppo- 
site side from the reproductive organs of the female. His palpi 
were repeatedly thrust into the skin of her back, or posterior 
part of the ventral side. The drawing below shows him in the 
act of doing this. After continuing his unsuccessful attempts 
for two hours, during the latter part of which he rested often, he 
seemed to give up altogether. The female was small and this 
was probably not her final moult. She was hostile whenever he 
shook the web. This made me curious to know if the female 
would ever be other than hostile if the male shook the web. 
Of course, while she is helpless through moulting it would 
make no difference. My observations point to the fact that 
the male not finding the female ready to moult leaves to return 
another day; also to his mating with more than a single female. 
It is quite possible that the moulting of the female is in part a 
response to the appearance of the male. Two hours later in 
the first case described above the female had cut out the 
moulted skin and the males were gone. One week later she 
was found dead in her web with her abdomen twisted over 
to one side. Whether the male in his attempted coition caused 
her death cannot certainly be known. Her manner of death 
is the only one of the kind I have observed. 
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Fic. 11. 
Fig. 11 represents an attuagiet copulation in Asuiehe transversa. The female has 


just moulted as in the preceding figure. The preceding steps in the two cases were 


much the same. 


That nature has taken as careful precautions to insure the 
fertilization of the female spider as she has the queen bee and 
ant, though probably not in such a prodigal way, is proved by 
the fact that often there are two, or more, and sometimes even 
five, males on the web with one female. Fig. 8 shows but two 
of the three males which were present. 

The above cases, which are the only complete examples of 
approach and copulation I have seen, prove that riparia and 
transversa are very similar here as in other respects. But with 
both I have followed the approach of the male for days only 
to find after a few hours’ absence the moulted skin of the 
female and the wrapped male. In several cases the approach of 
the male was the same as in the completed acts observed. It 
is, at any rate, clear that the interpretation which McCook 
gave to his and Emerton’s findings, which are represented in 
Fig. 12, is not the only one. Such do not always mean that 
the male has been too urgent in his attention to the female. 

Let us return to our general questions. In the first place, 
it would seem improbable that the male is lead by sight in 
searching out the female. The distances are without doubt 
too great for his poor vision. Is it something akin to the an- 
tennal sense in ants and bees, of which Forel (25) and Miss 
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Fig. 12 shows the sequel to Fig. 10. After the female has sufficiently recovered 
from moulting, she wraps the male as shown in the lower part of the drawing and 
takes her usual position on the web. 


Fielde (22) have given such good accounts? Judging from the 
few observations I have made, this seems improbable. A male 
of A. transversa who had conformed ostensibly to all the regu- 
lar rules in paying his respects to the female, finally lost her, 
probably because both ‘‘feigned’’ and dropped to the ground 
at my approach. She came up about six inches distant from 
the old web and moulted without his presence. An hour or 
two later he began to wander about and his curve of search so 
far as I plotted it, seemed to be a wholly aimless one. It very 
much resembles those given by the Peckhams (41, p. 400) for 
spiders in search for their cocoons. 

Again I found a male of A. transversa, with the third leg 
gone from the left side, on a web of £. trifolium. The next 
day he was suitor, No. 2, to a female of A. ¢vansversa some 
three feet away. Hence, it would seem quite certain that 
McCook’s surmise that male spiders at times make mistakes is 
an actual fact. It also seems quite probable that males of 4. 
transversa and riparia should make mistakes of the kind just 
mentioned since they are so closely allied and similar in habits. 
These examples rather point to the fact that male spiders find 
the webs of the female at random. Further progress might 
well be due to tactual and visual stimuli. 
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After he has located the female, what are the reasons for his 
fear of the female and his caution in approaching her? We 
have seen in the above account that he does manifest both cau- 
tion and fear, and the typical approach in spiders would seem 
to be by a series of acts almost as formal as is to be found in 
the best human society. In the first place all solitary spiders 
instinctively separate from each other as soon as they leave the 
cocoon. The female spiders which I have placed on another’s 
web, seem to be in great haste to get off. Can it be that the 
male has some of this instinctive fear of the female’s web? 
Yet this fear and caution must give way at the right time to 
the sexual impulses which, of course, must be strong, in order 
that the male accomplish the one thing whereunto he is sent. 
The male must reach a high state of excitement before coition 
takes place. This, of course, is necessary to insure the best 
results of coition. Montgomery (38, pp. 135 and 142), to 
whose excellent article I owe much, holds that mating in 
spiders is more remarkable than in other animals because the 
male must charge, and perhaps recharge, the palpi with sperm. 
Lastly, the male must learn that the female is not hostile. 
This, in the spiders here considered, is indicated to him by her 
remaining quiet. 

n the above statements do we find any support for believing 
that there is a choice by the female of the most beautiful or 
active males? The males on one web, Fig. 8, did fight for 
supremacy. In the case described above where the male did 
not succeed in copulating the two males on the side had an en- 
counter. The one farthest away, or the one I had previously 
selected as the smallest, retreated. The victor, or second in 
size, then approached the largest one which happened at the 
moment to be resting. But the aggressor suddenly beat a 
hasty retreat, leaving the largest male to continue his attentions. 
The males of these species do not go through the antics or 
‘‘showing-off’’ acts which are found in other species. They, 
however, do struggle for supremacy, and Montgomery (38, p. 
144) very probably is right when he says that the female 
chooses that male which ‘‘first and most surely announces by 
his movements that he is a male.’’ The largest and therefore 
earliest to develop, as I was able to select beforehand in the 
above example, would naturally do this. 

Can we account for all the facts by natural instinct, pure and 
simple; or must intelligent adaptation on the part of the indi- 
vidual spider be appealed to? Given a physiological change in 
the male spider which is not without its analogy in the in- 
stinctive actions of other animals, for example, in the migra- 
tion of birds and salmon, he begins his search for the female. 
Once on the web, at the edge or on the side screen, he next 
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goes to the upper edge and then down to within about one 
inch of her, then on opposite side. If she feels for him at any 
time he retreats. Next he goes to the same side, and just about 
now the moulting, if it is going to take place, should be indi- 
cated by her flexed legs and body farther out from the web 
than is usual. If she moults, the male constantly follows the 
progress of this act. At once when her legs drop from the 
moult he is in position and coition begins. Montgomery (38, 
Pp. 135) has shown that this may last hours or seconds and may 
be repeated many times depending on the species. He has also 
(p. 125) emphasized the variation to be observed in some of 
his species. While the series of acts constituting mating must 
allow for some variation, the acts of both sexes, when condi- 
tions are favorable, appear to be, in the two species here con- 
sidered, pretty definitely correlated with each other. Intelli- 
gent adaptation, to any great extent, is perhaps uncalled for 
in their explanation. 


TROPISMS VERSUS PLASTICITY IN INSTINCT. 


Are there any reactions in spiders which may be denomi- 
nated tropisms? Almost from the very first I have been on the 
lookout for such reactions. For the present I have concluded 
that there are, at least, a few such which are unvarying enough 
to be classed under this head,—namely, that of standing in the 
web with head down, the way the Zfezrae stand in the nest, 
their thygmotactic reaction to sides of the nest, the direction in 
which the guide lines or temporary spirals, and the outer per- 
manent sticky spirals are putin. Figs. 1, and 8-12 inclusive, 
illustrate the first of these reactions; Figs. 4 and 5, the second. 
Standing in the centre of the web with head down is also true 
of the males of Avgiope. The spiders that have nests hold 
approximately this same position much of the time. When 
they stand in the middle of the web they orient themselves 
in exactly the same way as the Avgiope. It is true that in tak- 
ing this position all are facing the lower part of the web, which, 
since it constitutes the larger half, allows them more readily 
to locate and wrap their prey. But we must suppose that 
gravity is one of the forces toward which they are reacting. 
This is always the same. Spiders also orient themselves un- 
mistakably with reference to the centre of the web, both in the 
original construction of it and in the use ofit later. Directions 
within the web are all the same when once the centre has 
been located. Indeed, if we enumerate the conditions to which 
spiders must adapt themselves, gravity and direction are the 
only ones which at once appeal to us as being constant. Yet 
it is evident that there are relatively few tropisms in spiders. 
It is surprising and almost incomprehensible how long we have 
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held to the belief in the non-variableness of instincts. They 
must of necessity vary if the individual is to use them in liv- 
ing successfully in an environment that in many ways is one 
thing to-day and quite another to-morrow. 

Do the many variations pointed out above prove that the 
spiders here concerned have intelligence? Not conclusively it 
seems tome. A few of the acts observed which are similar to 
those noticed by Dahl do point that way. But many of the 
variations fall under one or the other of the very suggestive 
classifications of Wagner (67) which are quoted with approval 
by Rainbow. ‘These are first ‘‘ deviations of instinct,’’ and, 
second, ‘‘variations of instinct.’’ The first are slight and have 
no value in the struggle for existence. The second are greater 
variations from the instinctive procedure of the species. They 
may be seized upon by evolution and affect the future develop- 
ment of the species. There are many examples of these in 
spiders. Suchas the omission of the zigzag, or the ‘‘darning’’ 
of the centre, the putting in of more outer spirals above than 
below the centre, £. trifolium, strix, and sclopetaria standing in 
the centre of the web instead of the nest, the different methods 
of treating prey, etc. 

To emphasize further the place which plasticity should hold 
in our scheme of explanation of animal activities it is only nec- 
essary to refer to Prof. Forel’s recent publications (24, pp. 562 
and 563). He writes in substance as follows: In our study of 
insect psychology we must avoid two evils, (1) that of identi- 
fying our mind with that of the animal, and (2) of imagining 
that with our present knowledge we are able to construct the 
insect mind. On the contrary we must recognize that this in- 
sect mind and the senses, which when functioning awaken it, 
are derived from the primitive life of protoplasm. This life, 
so far as it is characterized by irritability of the nervous sys- 
tem and connected with a contractile muscular system, mani- 
fests itself in two ways. First, as automatic or instinctive 
activity and, secondly, as plastic or intelligent activity. The 
former is more or less adapted to the circumstances of the 
specialized life of a variety, species, or genus. It is insidiously 
analogous to the action of a machine. But nearly all the re- 
cent work in Animal Psychology clearly shows that those very 
animals from the reactions of which the adherents of the the- 
ory that animals are ‘‘reflex machines,’’ get their best exam- 
ples, are, in reality, able to modify their actions, use a method 
of ‘‘trial and error,’’ and do have plasticity. 

Any attempt to divide activities into Reflex, Instinctive and 
Voluntary does as much injustice to real life in the animal 
series (as it is hoped the many observations and facts of spi- 
der life given above will help to prove), as it does to divide 
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the human mind according to the old faculty psychology. 
This seems to me doubly true of the higher invertebrates such 
as the ant, bee, wasp, and spider. Weismann (70a, p. 162) says, 
‘‘A sharp line of distinction between either Reflexes and In- 
stincts, or between the latter and voluntary acts, is not to be 
made. They shade over into each other and this is quite 
equivalent to saying that in plyletic development transitions 
from one form of activity to another have occurred.’’ If the 
above is true it follows that a ‘‘deviation or variation of in- 
stinct’? may very well offer a basis for the development of 
intelligence. 

As Miss Washburn (69) has already pointed out, Professor 
Royce, in his ‘‘Outlines of Psychology,’’ has done inestimable 
service to Psychology by the manner in which he has made the 
results of Animal Psychology contribute both to the view 
point and manner of treatment of his subject matter. His 
use of the Tropisms is peculiarly suggestive. He says (56, 
Pp. 142-143) ‘“The researches of Loeb and others have called 
attention, in the recent literature of genetic psychology, to the 
vast importance which is possessed, in all grades of animal life, 
by the types of reaction which have been called the tropism ot 
Orientation. We earlier made mention of such reactions when 
we were speaking of the various tropisms which Loeb has ex- 
perimentally examined, as they exist in lower organisms. The 
general character of such reactions is that they determine, in 
an organism of a given type, a certain characteristic normal 
position of the organism with reference to its environment, and 
certain equally characteristic tendencies on the part of the 
organism to recover its normal position when it is for any rea- 
son temporarily lost, and to assume, in the presence of stimuli 
of certain types, certain directions of movement and certain 
attitudes which may persist through a great variety of special 
activities. The phenomena here in question are, in a sense, 
very familiar to us all. The animal laid upon its back may 
struggle back again to the normal position. Or again, the 
human being when engaged in normal activities either sits or 
stands erect. When the eyes are engaged in their normal 
activity, the head is held erect, or, if these normal attitudes 
are modified, as in reading or in writing, the modification 
occurs only within certain limits. To attempt to carry on the 
same activities when lying on one’s back, leads to discomfort, 
and interferes with the normal special movement of the eyes. 
It is thus a familiar fact that a certain orientation of body, that 
is, a certain general direction of the organism with reference 
to the most important kinds of stimulation which are falling 
upon it, is a condition prior to all special activities. Hence the 
reactions of orientation are amongst the most fundamental 
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phenomena of healthy life. Profound disturbances of orienta- 
tion necessarily imply very considerable defects and in most 
cases very gravely important defects, in central functions. 
Thus our responses to our environment are not only special 
deeds, such as grasping this object, or looking at that object, 
but include general attitudes, namely, such acts as sitting or 
standing erect or holding the head up in order that we may 
see. And the special acts are always superposed upon the 
general acts, in such wise that if the general tropisms of ori- 
entation are seriously disturbed, the special acts, however 
habitual, will be interfered with or will prove to be impossible.”’ 

Further on in the discussion of Active Attention (pp. 329- 
330) the same author says, ‘‘In brief, whoever is persistently 
attentive is expressing an attitude of the organism which has 
the essential character of the now frequently mentioned ‘tro- 
pisms’ of the animals of Loeb’s experiments.’’ 

As will be evident from what has been said above of ‘‘tro- 
pisms’’ in spiders, this creature furnishes us with an excellent 
example of the fundamental tropisms of orientation and also 
of direction. While in a few cases these are like the tropisms 
in many other animal forms, they are more adaptive. The 
spider is capable of carrying on other and special activities 
without exact orientation, though it is true that she would feel 
more at home if normally oriented. Professor Royce’s view 
that the ‘‘tropisms’’ are the basis of Attention, even of Active 
Attention, seems to me possible only on the assumption that 
instinctive activities suffer variations such as may be seized 
upon by natural selection. It is hoped that the present paper 
will help to show that the life of spiders furnishes us with 
some proofs of this. 


SUMMARY. 


1. The spiders whose names are given on page 314 show 
wide variation in color markings and degree of development. 
They also show great variation in selecting a place for a web 
and, for those that build one, the nest and the choice of material 
for the same. 

2. In making the web they seem to be able to adapt them- 
selves to the peculiarities of the place or supports for the web. 
They may make unusually strong any part of the web if ex- 
ternal conditions require it. A change by the spider to a very 
different place has led to the greatest variation. 

3. The webs vary from the normal slant, the upper outer 
spirals may be more numerous than the lower ones, which in a 
way is equivalent to turning the web upside down. Those that 
put in a zigzag or ‘‘ winding stair’’ may in many. cases put in 
only the lower half of it, or omit it altogether and the centre 
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may be left undarned. When a spider has the same branched 
twig in which to sling her web, she gives to almost each new 
web a different slant. 

4. As for the number of parts it will be readily seen from 
the tables that these vary within limits. The variation among 
members of the same species as the ‘‘mean variation’’ shows 
is too great to be the product of an instinct followed with 
mathematical precision. In the case of successive webs of the 
same individual the same variation is found. The results ob- 
tained for the group cannot be due, therefore, to differences 
between individuals only. Since all of the Orb-weavers have 
the same sorts of changes in conditions to meet it is to be ex- 
pected that their variations would be of the same kind and de- 
gree. Such is actually the case—Argiope transversa, Epeira 
trifolium, and Epeira sclopetaria showing a striking agreement 
in both specific and individual variation. The counts for indi- 
vidual Epeira strix, Epeira patagiata, Argiope riparia, and 
Epeira corticaria show the same thing. 

5. The young spiders, especially of Z. sclopetaria, have been 
watched spinning their webs and some of these have been 
counted. They probably choose the site for their web in the 
same way as the old. They certainly make the web as rapidly 
and they are really more perfect since the webs are so small 
that a large enough niche can be easily found and the weight 
of the spider does not bend the threads so that they stick to- 
gether. I have also seen webs of the young of A. riparia. 
They are as perfect as those of the old, if not more so. Young 
of £. angulata have been seen spinning the web and they were 
as adept as the old. 

6. The feeding habits of spiders show powers of modifica- 
tion that seem to be intelligent. Dahl’s experiments, as also 
those of the Peckhams, point to the fact that spiders are able to 
profit by experience, and have a memory lasting a few hours. 
Such of my tests and observations as would prove this for the 
spiders here dealt with are inconclusive. £. strix, E. sclopeta- 
via, and A. transversa use different methods with different prey. 
A. riparia refused after a first trial to wrap what is not food 
and later ignored its presence in the web. 

7. The time of spinning of the web depends on the species. 
It is very probable that A. transversa, A. riparia and EL. trifo- 
lium spin their webs at the first appearance of light in the 
morning. Old £. sdopetaria and £. angudata spin at nightfall. 
Young of both the latter spin at almost anytime of day. Z£. 
sclopetaria move about at early dawn and may spin then if they 
have not spun the evening before. The reaction to light here 
is a pretty definite one. 

8. The web-shaking instinct is most marked in the Argiope. 
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In fact, only one case approaching the slow rhythmic swings 
which they give to the web has been observed in the other spe- 
cies and that in £. sclopetaria. It is brought about by touch- 
ing or otherwise disturbing the spider. 

9. Tests with these spiders in a state of rest and after they 
have been made to shake the web, or have otherwise been put 
on the alert, show that they have a range of distinct vision, at 
least six to eight times that of clear vision under ordinary cir- 
cumstances, which is about two centimeters. It may be more 
for very large and light colored objects. 

10. The approach of the male in the mating of the A7giope 
is probably divided into a number of fairly definite steps. The 
male seems to hunt at random until he finds the web of the 
female. He then approaches her from the upper edge of 
the web on the same side. Next he approaches on the oppo- 
site side of the web and remains just opposite to her for some 
time. He then returns to her side of the web and takes his 
place immediately above her. If she moults he keeps close 
watch of her progress. Assoon as she drops from the old skin, 
coition occurs. This may last a variable time after which the 
male is wrapped and dies. If the female is hostile and not 
ready to moult the male may leave the web. The above steps 
are not invariable. 

12. The variations which are recorded in the foregoing 
sections are convincing proof that instinctive activities in spi- 
ders are variable, and it is easy to find teleological reasons for 
such variability. These variations are so marked in some 
cases that they may well be seized upon by natural selection 
and made starting points in the development of new types of 
habit, if not of new species. That they furnish a basis for in- 
telligent behavior in these spiders is probable, though the ex- 
tent to which this sort of behavior has been actually developed 
can be affirmed only after further study. This point and 
others the writer hopes to follow in later researches. 

It is a pleasure to acknowledge my indebtedness to Pres. G. 
Stanley Hall and Prof. E. C. Sanford for suggesting this topic 
of research and for assistance in studying it, and to Dr. M. T. 
Thompson, my colleague, for the excellent drawings with 
which I have been able to illustrate this article, as well as for 
one of my most valuable spiders, No. 23, and for many helpful 
suggestions. Prof. Emerton, of the Boston Society of Natural 
History, has kindly identified all my specimens for me and has 
helped me much with his interest and enthusiasm. He sent 
the Phidippus, referred to on page 340, to Prof. Peckham who 
kindly identified it specifically. Lastly I am very much in- 
debted to the librarians of the Clark and Harvard Libraries for 
assistance in getting at the scattered literature of the subject. 
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Wundt’s theory of ' feeling has undergone a continuous proc- 
ess of development, in wnich three fairly distinct stages may 
be distinguished. In the first period {there is but one class of 


elements, sensations. F Tibute Of mos 


these, and represents their subjective aspect. More specifi- 
cally, it is the mode of reaction of attention upon sensational 
content. The way in which a perception is taken up into con- 
sciousness at large determines feeling. “Feeling thus depends 
on the general subjective disposition in a way which is not true 
of quality and intensity. Its poles are pleasantness and tn- 


pleasantness.’’. In the second and intensity 
of feeling are mentioned " its close relation 
to will is emphasized. Pleasure and pain in the form of de- 
sire and repulsion govern all volition. Feeling ison the one ~ 
hand inseparable from sensations and ideas, and on the other, 

it could not exist without a will, the tendency of which it man- 
ifests.’’ . In the third period, feeliags-become independent ele- 
ments in consciousness : they cannot be reduced to any simpler 
elements; and, although we cannot isolate them directly as we 
can sensations, by focusing the attention upon them, we can 
isolate them indirectly—from each other—by isolation of their 
perceptual substrate.* It is in the writings of this third and 


1 From the Psychological Laboratory of Cornell University. 
2Hollands: Wundt’s Doctrine of of Paychsicl Analysis: II, Fee 
—- American Journal of Psychology, XVII, 1 
214. 
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final period that Wundt’s tridimensional theory first appears. 
The general outlines of the new theory are well known. 
Simple feelings are at once more numerous and more various ~ 
than simple sensations; but they may be grouped in a tridi- 
mensional manifold, in which the various intensities of feeling \ 
are indicated by distances from the central indifference point, i 
and the qualities of feeling by the direction from this indiffer- 
ent centre. Our concrete feelings are, in the great majority of 
cases, compounded of all three feeling dimensions; an actual 
feeling that lies in one dimension only, or even in two dimen- 
sions, is an exceptional occurrence, a limiting case.’ : 
other words, the simple feelings tend strongly to fuse; they © 
give rise to unitary feeling resultants, which are introspectively | 
unanalyzable as they occur. If we wish to analyze them, we 
must have recourse to the sort of psychophysical analysis that 
we employ, ¢. g., in the case of a color sensation. ' By vary- 
ing the components of the color_stimulus, we discriminate 
color-tone, saturation and brightness, though the color as given 
is a quality of sensation, psychologically unanalyzable.*¢ So 
with feeling: by varying the components of the perceptual sub- 
strate, or by varying the sensory stimulus in the case of the 
multidimensional sensation systems, we are able, psychophy- 
sically, to bring out the elementary — of the unita- 
rily experienced feeling. 

The tridimensional eine first appeared in the Grundriss 
der Psychologie, 1896. In 1899 Titchener published a criticism 
of the theory as here formulated, maintaining that strain- 
relaxation and excitement-depression are not pairs of maxim-~ 
ally opposite qualities, but rather positives and negatives; 
calling attention to the fact that Wundt’s treatment of feeling 
in the Vorlesungen of 1897 was at variance with that of the 
Grundriss,; and asserting that Wundt had presented no ex- 
perimental evidence for his theory.* Wundt replied in detail 
to this criticism, and appealed to the curves in Lehmann’s Die 
korperlichen Aeusserungen psychischer Zustinde as experimental 
evidence.® Stevens then made a study of Lehmann’s 4//as, and 
showed that the curves in question could not be regarded as 
evidence for the tridimensional theory.* ‘Titchener next at- 


II, 1902, 288 
2See I. M Bentley : ‘Journal of Psychology, XIV, 1903, 


ff. 
*, On this point, and on the various chan in the expositign of the 
tridimensional theory (changes that may summed up as showing | 


an increased caution in statement, and a greater readin to admit - 


the sibility of feeling-an:Jysis), see Hollands: of. cit., . 218 f. 
eitschrift Pschol., KIX; 321 ff. 
Stud.,; XV, 1990, 
SAmerican Poychol. XIV, 1903, 13 ff. 
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temipted to submit the question to experiment, by a variation 
of the method of impression, and published his results in the 
Wundt Festschrift." In these experiments the evidence, so far 
as it goes, is decidedly in favor of the dual, and against the 
tridimensional theory of feeling. 
he evidence, however, does not go far enough. As the 
author himself points gut, the number of experiments was 
limited, and they were made in two only, not in all three, of 
the Wundtian dimensions.*# And this criticism has, naturally 
enough, been repeated by‘various reviewers.* The question 
then remains, whether or not it is worth while to extend the 
investigation; to increase the number of experiments, by call- 
ing in the aid of new observers, and to take into account, for 
one and the same set of stimuli, all three of the feeling direc- 
‘tions. In order to answer this question, it is necessary to esti- 


_ mate the idea which underlay Titchener’s study. That idea 
| was two-fold; and the study appealed to two lines of evidence, 


\, objective and subjective. On the objective side, there is the 
“appeal to the ‘curves’ which presemt-trequentitetive form the 
course of the affective judgments. No one denies the validity 
_of pleasantness-unpleasantness asa feeling dimension: all other 
dimensions are matters of dispute. If, then, the resultant 
curves all take the form which is taken by the curves of pleas- 
antness and unpleasantness,—if there is no specific type of 
curve for excitement-depression and strain-relaxation,—then 
we have at least an indication that pleasantness and unpleas- 
antness are the only fundamental affective categories. Apo- 
dictic proof we most certainly have not; but the indications 
will be in favor of the dual theory. or it would surely be a 
strange thing if a given set of.stimuli affected a given observer 
by way of excitement-depression (or strain-relaxation) pre- 
cisely as it affected him by way of pleasantness-unpleasantness. 
Coincidence might occur here and there; but the wider the 
range of observers, the larger the number of stimuli employed, 
and the more varied the type of affective judgment, the less 
likely would it be, on the basis of the plural theory, that coin- 


cidence should appear. the subjective there 


the appeal to the introspectionf the observers. ; 


servers declare that the affective judgment in terms of pleas- | 


antness-unpleasantness is direct, easy and natural, while judg- 
ment in terms of strain-rélaxation and eXcitement-repression 


1Philos. Stud., XX, 1902, 382 ff. 

2‘ Frejlich ist nicht zu tibersehen, dass dies Resultat bei einer zwei- 
dimensiodalen Darstellungsweise und.der Begrenztheit der Versuche 
nicht bewéisend ist.” Op. cit., 405. 

8So, e. g., Moskiewicz in Zeitzchzift f. Psychol., XXXIV, 1904, 
314. 
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is forced, difficult, associatively mediated, etc., then the evi- 
dence of the method is in favor of the dual theory. And if, 
further, the observers state that their judgments of excitement 
depression and strain-relaxation, so far as they are affective 
judgments at all, are based upon pleasantness-unpleasantness, 
this evidence is proportionately strengthened? Here; also; the 
> value of the evidence will be cumulative: the more numerous 
the observers, the more varied the stimuli, the more nearly 
exhaustive the affective categories, the more certain will the 
outcome be. 

Unless, then, the above reasoning can be seriously impugned, 
—unless, that is, some better method for the investigation ot 
the tridimensional theory can be proposed,—it would seem 
very much worth while to extend the experiments of the 
Wundt Festschrift.* 

We are now, therefore, confronted by the problem of the 
choice of stimuli. Experiments made by the method of paired 
comparisons consume so much time that selection is necessary; 
it is impossible, in a single investigation, to cover-a very wide 
field. In the earlier study, clangs and metronome beats were 
chosen as offering, on Wundt’s own testimony, salient exam- 
ples of what we may call the unorthodox feeling dimensions. 

~—Whatever else they may be, Wundt said, clangs are exciting 
and depressing ; whatever else they may be, time-intervals are 
* straining and relaxing. The earlier study was planned with 
regard to this assertion of Wundt’s.? The object-of the present 


1 Moskiewicz (op. cit., 315) writes as follows. ‘‘Es hindert nichts, 
anzunehmen, dass trotz der Einfachheit der Reize die in uns ausge- 
ldésten Gefiihle komplizierter sind, dass wir auf sie sowohl mit Lust 
als auch mit Erregung resp. Losung reagieren. Es ist durchaus 
nicht ausgeschlossen, dass es andere Reize gibt, auf die wir nur mit 
Erregung oder Spannung zu reagieren imstande sind. Auch die 
Gleichheit der Kurven braucht nicht zu verwundern. Warum soll eine 
Reihe von Reizen nicht in gleicher Weise Lust und Erregung steigernd 
auf ein und dieselbe Person einwirken k6nnen, ohne dass- Lust und 
Erregung identisch waren?’’ To the first sentence it may be replied 
that the stimuli (clangs and metronome rhythms) were by no means 
simple, and that it was partly for this reason that they were selected as 
a means by which to test the very complexity of affective reaction 
jwhich the writer assumes. To the second, it may be replied that 
experiments, however limited, are better than vague conjecture. 
After working with clangs and time-intervals, Titchener made sup- 
plementary experiments with colors (of. cit., 403). What, now, may 

: the “‘andere Reize’’ be? Certainly not tastes and smells, which are 
notoriously pleasant and unpleasant. Whatthen? The suggestion, 
thus thrown out irrespousibly, is worth nothing, in default of definite 
reference. To the third and fourth sentences answer has been made 
in the text... The writer is attacking the objective side of Titchener’s 
argument, and has ignored the subjective side. 

Moskiewicz declares: ‘‘es wurden nur solche Reize — die 
zu zwei Gefiithisdimensionen gehOren”’ (of. cit., 314). There is, we 
believe, nothing in Titchener’s paper that could suggest this idea. 
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study is somewhat different; it is, to make a tridimensional 
test of the tridimensional theory. Nevertheless, we have, after 
consideration, selected the same materials to work- with, ~har- 
monical clangs and metronome beats. For one thing, it is im- 
portant to repeat Titchener’s experiments, and@“t6 confirm or to 
refute his conclusions; and repetition of the two-dimensional 
method is, of course, included in the application of a tridimen- 
sional method. There was here, also, the added advantage that 
the technique of these experiments had already been worked 
out in the Cornellaboratory. For another thing, the stimuli 
are sufficiently complex to justify the assumption of a complex 
affective reaction to them, if such a complex reaction occurs at 
all. Wundt’s latest statement of his theory would seem to 
admit the application of the method to color;? but we had 
nothing to gain by having recourse to color, and a good deal to 
lose, if time forbade us to employ also the clangs and intervals 
of the earlier investigation. Lastly, there seems to be no pos- 
sible objection, from Wundt’s own point of view, to our selec- 
tion of stimuli. ‘‘Feelings of strain and relaxation,’’ he says, 


‘tare always connected with the processes of attention. Thus, 


when we expect a sense impression, we note a feeling of strain, 
and upon the arrival of the expected event, we note a feeling 
of relaxation. Both the expectation and satisfaction may be 
accompanied at the same time by a feeling of excitement or, 
under special conditions, by pleasant or unpleasant feelings.” . 
This passage appears, in the light of the previous study, to 
cover the use of clangs for the production of feelings of all three 
dimensions. ‘‘Again, the series of pleasurable and unpleasur- 
able feelings is united with that of feelings of strain and relax- 
ation, in the case of the affective tones of rhythms. The reg- 
ular succession of strain and relaxation in these cases is 
attended by pleasantness, the disturbance of this regularity, by 
the opposite feeling, as when we are disappointed or sur- 
prised. Then, too, under certain circumstances the feeling of 
rhythm may be of either an exciting or a subduing char- 
acter.’?* This passage appears to justify the recourse to met- 
ronome intervals. 

Since, then, there is no positive objection to the use of clangs 
and metronome beats; and since presumptive evidence in favor 
of such a procedure is furnished both by Wundt’s general view 
of the affective life and by his criticism of Titchener’s experi- 
ments; we take the affective efficiency of these stimuli for 
granted, and ask our observers to pass upon each of them judg- 


1 Hollands: of. cit., 219. 
2 Outlines, 1902, 92 
8 Outlines, 1902, 93; gf. Phys. Psych., II, 1902, 286. 
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ments in terms of all three feeling dimensions. The results of 
experiment are as follows. OR 


I. HARMONICAL ExPERIMENTS. 


The method employed in these experiments was the same as 
that described in Titchener’s article. The same harmonical 
and noiseless pendulum, marking seconds, were used. The 24 
tones in the three octaves C-c (64-128 vs.), c’-c? (256-512 vs.), 
e-c* (1,024-2,048 vs.) were combined in all possible pairs, 
thus making a series of 276 pairs of tones. The series was 
formed by chance, and then so rearranged that the same tone 
should never occur in two successive pairs. This series was 
given 12 times to each observer: 6 times upward (4), 7. ¢., 
with the lower tone first, and 6 times downward (J ), #. ¢., with 
the upper tone first ; making a total of 3,312 experiments for 
each observer, exclusive of ‘make-up’ experiments. 

In each series the observer was asked to report upon one 
affective quality only.’ 

These twelve series were given in irregular order, but not in 
precisely the same order to all three observers. In part of the 
experiments, all three observed together, sitting with their 
backs to the harmonieal, about 2 meters from it, with screens 
between them: As the observers and the experimenter were 
engaged at different hours upon other university work, it was 
impossible to make the experiments at the same hour on suc- 
ceeding Gays; but the experiments upon each particular series 
were made within as few days as possible, and often at the 
same hout on succeeding days. Two vacations occurred dur- 
ing the progress of these experiments, which further inter- 
rupted their regularity. When it was possible to have only 
two observers at a time, the series was repeated later for the 
absent observer. For these reasons the 12 series could not be 
given to all the observers in exactly the same order. The ex- 
periments with the harmonical were made during the months 
of November, 1905—February, 1906, and April, May, 1906. 

The observers were given slips of paper upon which to record 
their judgments, and were informed that they were to make 
series of judgments upon the relative pleasantness, etc., of the 
tones in the pairs given. They were instructed to listen to 
each tone separately, and to make their judgments without 


1Titchener: of. cit., 388. 

2Titchener’s experiments were made_in the short summer session, 
when the observers could work every day. And, as is usual in the 
summer sessions, his observers were specializing in psychology, and 
had not the pressure of other work upon them. Under such condi- 
tions it is natural, as will appear to be the fact, that his curves should 
be somewhat more regular than those obtained in the present investi- 
gation. 
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bias as to which tone ‘ought’ to be the more pleasant or un- 
pleasant. They were distinctly cautioned against forming any 
theory which might influence their judgments, as, e. g., that 
‘all high tones are liable to be unpleasant.’ After 30 to 4o pairs 
of tones had been given, the observers were allowed a rest of 
from 3 to 5 minutes, which was generally spent in ordinary con- 
versation. ‘They were encouraged to record introspections 
during this period, or at the end of the experimental hour, 
but were cautioned against comparing notes, or discussing 
results with one another. 

The actual conduct of an experiment is as follows. The ex- 
perimenter stands before the organ with one foot upon the 
raised pedal, the paper containing the series of tones in his left 
hand, the pendulum bob in his right. At the signal ‘‘ready,’’ 
he releases the bob and presses down the first note to be 
sounded. After two full swings of the bob (2 seconds), he 
treads once quickly and once slowly upon the pedal, and keeps 
a strong, even tone sounding for two swings of the bob. Then, 
after two seconds of silence, the second tone is sounded for two 
seconds in the same way. An interval of from 2 to 6 seconds 
is allowed, between the pairs of tones, for recording the judg- 
ment. After the first two days of experimenting, an interval 
of from 4 to 6 seconds was found to be most comfortable for 
observers M. and G. Observer W. found this interval very 
fatiguing, and when she observed alone the interval between 
pairs was cut down to 2 seconds. The judgments on all the 
affective qualities required practically the same length of time.’ 

The experimenter exercised the greatest possible care to 
keep the tones strong and even in intensity, and to prevent 
noises from the mechanism of the organ. But in spite of care 
and practice, the pedal occasionally creaked in certain kinds ot 
weather. In such cases, and also when other noises within or 
without the building disturbed the observers, a record was 
made of the judgments formed under these disturbed condi- 
tions, and the pairs of tones were repeated in make-up series. 
Practice in the experiment, however, soon developed in the 
observers such power of concentration that they heard no 
sounds but the tones, and occasionally surprised the experi- 
menter by insisting that they had not heard noises which he 


1None of the judgments exceeded the above time limits, al- 
though, as will be shown later, the judgments of the various affective 
dimensions presented varying degrees of difficulty. It would, of course, 
have been fairly easy to take approximate measurements of the actual 
times required for the formation of the judgments; but in view of the 
tentative and exploratory character of the investigation, this proced- 
ure did not appear either necessary or advisable, especially since it 
would have involved a complication of method both for the observers 


and for the experimenter. x 4 
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had supposed must make it impossible for them to form a judg- 
ment upon the tones themselves.’ 

Certain tones in the scale were at times of different intensity 
from the rest; ¢ was apt to sound suddenly and at high inten- 
sity; 5° and c* were rather faint; c* occasionally developed a 
tremolo. The pairs in which c* sounded in this way were noted, 
and repeated in the make-up series. Whenever the observers 
thought 4° or ct too weak, the pairs in which they occurred 
were repeated later. Therefore, these variations in the tones 
themselves can have had no appreciable influence in making the 
curves irregular, and may be considered negligible. The 
curves do, however, show quite distinctly the effect of the sud- 
denness and intensity of the tone c, the curves being clearly 
deflected from their general course at this point. 

Make-up series-were arranged and given to the observers 
separately. These series consisted of (1) those pairs of tones in 
which the observer was unable to detect in either tone the 
affective quality looked for (negative cases); (2) pairs in which 
the observer found the quality in an equal degree in both 
tones, ang was therefore unable to choose between them (un- 
decided €ases); (3) pairs in which the observer decided with 
difficulty, and even after decision was not sure that the judg- 
ment was correct (doubtful cases); and (4) pairs in the obser- 
vation of which the observer was disturbed. 


Observer M. is Miss E. Murray, graduate scholar in psy- 
chology, Before these experiments, M. had had 2 years’ expe- 
rience in the psychological laboratory. She was familiar with 
Wundt’s tridimensional theory of the affective qualities, but 
had not read Titchener's article, and had only a vague idea of 
the purpose of these experiments. M. is musical. 

The experiments were made in the following order: P}, 
Py, £%,U%,D%*, UV, Ey, St, RV, SV, R4, DY. 
P* was repeated at the completion of the 12 series. In all, 
with make-up series, M. made 3,885 comparisons. 

2) Pleasaniness.* After the first series (P4), M. had no 


1 The absence of a noiseless room in the Cornell Laboratory is justi- 
fied by experiences of this kind, which show that with practice and 
keen attention to the problem in hand observers readily become so 
absorbed in their work that they are oblivious to everything except 
the icular stimuli upon which they are expected to react. See 
Titchener: Mind, N. S., VII, 1898, 311; Wirth: Zeits. f. Psychol., 
XXV, Igor, 129. a 

2 Attention may here be called to a distinct difference between the 
f-U introspections, for this and for the other observers, and the 
introspections with Z-D and S-R. Throughout the investigation, 
it was the rule that the P-U/ judgments were given, so to say, a smat- 
ters of ultimate fact, without possibility of further analysis: the ana- 
lytical introspections, bearing, e. g., upon the organic reaction set up 
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particular difficulty in deciding which of two tones was the 
more pleasant. In the first series (P4), the observer was so 
new to the experiment that she was easily distracted. The 
occasional creaking of the pedal of the organ and various 
noises outside the building often prevented her from forming 
any judgment upon the tones given. On the second day of 
experiment, M. reported both tones unpleasant in 12 out of 
the 56 pairs of tones given, and at the end of the hour said she 
had felt tired and stupid and had had great difficulty in keep- 
ing her attention upon the work. M. also thought that the 
musical interval formed by the notes influenced her judgment; 
when the second note made a pleasant interval with the first, 
its intrinsic pleasantness was increased, and so it was reported 
the more pleasant of the two, and conversely. In series P4, 
é did not respond normally, but gave a tremolo effect. This 
was remedied before the next series of experiments. For 
these reasons it seemed best to regard this series (P4) asa 
practice series, and to repeat it after the completion of the 
other experiments. 

In the series PY both tones were reported unpleasant in 11 
only out of the 276 pairs of tones. In 14 cases the tones were 
reported equally pleasant. In 2 cases M. thought that the 
interval formed by the two tones influenced her judgment. 
These pairs were repeated, after the completion of the series, 
and judgments were obtained in all but two cases. No dis- 
tractions were reported. 

Tones C, D, /, and G were each reported once as ‘‘funny,”’ 
and D once as ‘‘amusing.’’ D and A were each once said to 
give M. ‘‘cold shivers.’’ Such associations were not encour- 
aged, and were not reported after this series.’ 


by the stimulus, are the exception and not the rule. For the remain- 
ing feeling dimensions, the contrary is true: analytical introspections 
were the rule. We have set down, in summary, all the introspective 
material at our disposal. But it must be said, and said emphatically, 
that the P-U introspections do not represent the normal course of 
the experiments, as the Z-D and S-# introspections do. Ordina- 
tily, the observers termed a stimulus pleasant or unpleasant as 
directly and finally as they might term it red or sweet. When, there- 
fore, the assertion is made, in the individual summaries printed 
below, that the ?-U judgments were direct and immediate, this 
statement must not be regarded as conflicting with the introspective 
records; it is a statement based upon the general trend of the work, 
and so upon experiments from which the introspective harvest was 
exceedingly scanty. On the other hand, the introspections for Z-D 
and S-R may be considered as typical of the general course of the 
investigation. 

1 This rapid decrease of associations in experiments upon affection 
has been noted before. Titchener calls attention to it (op. cit., 403), 
and quotes a passage from Cohn (Phil. Stud., X, 1894, 565, 596) in 
which this investigator recorded the same tendency. Observers G. 
and W. also reported associations during the first few hours of experi- 
mentation, but soon ceased to experience them. 
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M. reported that the tones of the highest octave (c*-c*) were 
harsh and straining, and these were the tones oftenest judged 
unpleasant. During the first series (4) she said that they 
were ‘‘as unpleasant as quinine,’’ and made her feel ‘‘all 
screwed up;’’ that it was very hard to keep her attention on 
the harsh high tones, and that they sometimes pained her 
ears; that they did not seem to spread out and give a general 
reverberation, ‘ut remained localized in the ears. In this 
series M. reported that the high tones gave her ‘‘a feeling of 
revulsion.’’ 

(2) Unpleasantness. This series was made during the sec- 
ond month of experimenting. No distractions or associations 
were reported, nor did M. say that any of her judgments were 
influenced by the musical interval formed by the two tones. 

In 27 pairs, both tones were reported pleasant, only one of 
these pairs being in the highest octave. M. reported that the 
high tones were very unpleasant. In 7 cases both tones were 
reported equally unpleasant. 

M. described the unpleasantness as ‘‘usually a matter of dis- 
comfort in the head.’’ ‘ 

During the series V |, M. reported that none except the 
high tones were in themselves unpleasant. The others could 
be judged unpleasant only by comparing them with pleasanter 
tones. On the very rare occasions when there was a sensible 
difference of intensity, the louder tone seemed the more un- 
pleasant. In 10 cases both tones were reported pleasant, only 
2 of these pairs being in the highest octave; in 28 other cases 
the tones seemed equally unpleasant. 


P | was a repetition of the first series. M. said that it was 
difficult to disregard the influence of the musical interval. She 


1The word ‘‘feeling’’ here and in similar instances hereafter is not 
intended by the observers to express any definite affective quality, 
but represents a loose use of the word common in conversational 
English, as well as in the earlier English psychology, in which it 
covers any mental state or process which is difficult of analysis. ‘It 
is plain,’ says Ward (Encyclopedia Britannica, XX, 4o), ‘‘that fur- 
ther definition is requisite for a word that may mean (a) a touch, as 
feeling of roughness; (4) an organic sensation, as feeling of hunger; 
(c) an emotion, as feeling of anger; (d) feeling proper, as pleasure 
or pain.”” Common usage goes much farther. We can easily /eel the 
force of M.’s thought when, as below, she speaks of an ‘‘interval feel- 
ing,’’? and later of ‘‘a sort of question and answer feeling.”” The 
present tendency among psychologists generally is to analyze these 
complexes, and to limit the word ‘feeling’ to their affective quality. 
Curiously enough, however, there seems to be an opposite tendency 
among certain recent German writers, who are introducing the use of 
Bewusstseinslage in much the same sense as our colloquial ‘feeling,’ 
thus avoiding a careful analysis of the complex experienced, and hin- 
dering the development of an exact terminology. See, ¢. g., Mayer 
and Orth, Zeitschrift f. Psychol., XXVI, 1901, 6. 
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was quite unconscious of distractions; for instance, she had not 
even noticed a steam whistle blown outside the building until 
the experimenter called her attention to it by asking her if it 
had disturbed her in making her judgments. No negative 
cases were reported and only one doubtful case, though M. 
once said that the decision was often difficult where the two 
tones were very near together in pitch, and that she had at 
last, after making a choice, felt that she might perhaps as well 
have chosen the other tone as the more pleasant.’ 

(3) xcitement. M. had no particular difficulty in deciding 
which of two tones was the more exciting, though these 
judgments were not quite so easy as those upon Pand U. 

In the first series (£4), M. defined excitement as a ‘‘feel- 
ing of muscular pull.’’ In theseries 2) M. reported that the 
standard of judgment tended to fluctuate; sometimes excite- 
ment meant ‘‘the amount of disturbance in consciousness,’’ 
sometimes ‘‘the amount of muscular response the sound seemed 
to demand.’’ Sometimes the greater intensity of a tone made 
it more exciting; ? sometimes the judgment, in spite of instruc- 
tions to the contrary, was based on the relation between tones; 
after some tones, certain other tones seemed restful and quite 
lacking in excitement. M. said that sometimes she seemed to 
get tired of the high tones, and then none of them were excit- 
ing. She reported definitely that the feeling of & was un- 
pleasant. No distractions or associations were reported. In 
series E 4 there were 7 negative and 28 undecided cases. Of 
the negative cases, 6 were pairs of tones within the middle 
octave, which, as the curves show, was the least exciting part 
of the whole series. In series F |) there were two negative, 
19 undecided and 3 doubtful cases. 

(4) Depression. M. had great difficulty in giving these 
judgments. When the series D4 was begun, M. reported that 
all the tones came as either exciting or soothing, and it was 
possible to get the feeling of depression only by a special effort, 
—by associating the idea of groaning or shuddering to the low 
tones. By this reading-in process, 14 low tones were judged 
depressing; the remaining 111 judgments made on the same 
day were upon the soothing quality of the tone. On the sec- 
ond day M..tried again to give judgments of depression (sad, 
melancholy)... She reported: ‘‘I did not get this feeling sponta- 


1It may be worth while to remark again that reflective judgments 
were not sought in these experiments. What was required and regis- 
tered was the immediate reaction to the stimulus. C/. the instruc- 
tions to the observers given above. Apparently, the reflective ten- 
dency was unusual with M., for she reported only 11 doubtful cases in 
the whole series of 3,312 experiments. 

2? Note the sudden jump upward of M.’s Z-curves at c. 
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neously, but only by trying to see how depressed I could feel 
while the tone was sounding. I involuntarily adopted the 
method of breathing out on the tone and delaying inspiration 
and relaxing other muscles.’’ In this manner the two series 
of judgments on depression } and ) were made. In series D4 
there were 19 negative and 14 undecided cases; in series Dy, 
7 negative and one undecided case. Atthe end of the series 
D \,M. reported: ‘‘the ability to annex a depressing feeling 
to tones seems to vary,’’ and ‘‘it seems easier to be depressed 
on a high note after a number of high notes have been given.’’ 

In order to obtain comparable judgments upon the same 
quality on successive days, the experimenter showed M. her 
first introspections on depression, each time that judgments on 
depression were sought.’ 

In response to a question as to the relation of D to Z, M. 
wrote: ‘‘I should hardly say that depression is the opposite of 
excitement; that is, in this series, those notes that were not 
depressing were not thought of as exciting or neutral but as 
irritating, disquieting or disturbing.”’ 

(5) Strain. In the first days of these experiments, M. 
said that the feeling of strain seemed to be merely the effort to 
attend to a tone, that the strain was usually unpleasant, and 
that when she was in doubt as to which tone was the more 
straining she was inclined to rely upon the unpleasantness of 
it. Therefore we are not surprised to find the strain curves 
similar to those of unpleasantness. At the end of the experi- 


ments on strain, M. reported as follows: ‘‘Straining is not au 


simple immediate judgment, as is the case with judgments 
upon Por UY. I should not be able to make the judgment un- 
less I was prepared in a special way to respond to the stimuli. 
I do not get any judgment on strain unless I follow the notes 
somehow, with inspiration or expiration, or with general mus- 
cular contraction; except in the case of high squeaking tones 


which give a sense of involuntary strain in the ear and head.’’ 


In series S 4 there were 12 negative and 8 undecided pairs; in 
series S ) there were 11 negative and 19 undecided cases. 

(6) Relaxation. M. had great difficulty, again, in obtain- 
ing a feeling of relaxation. A trial series was given of 5 pairs 


1The same plan was adopted in the experiments on strain and re- 
laxation. These responses tended to be so artificial that there was 
danger that M. would forget how she obtained the judgments, and by 
adopting some new method for their production give a different series 
of judgments each day. By refreshing her memory, the whole curve 
for each quality was made up of responses of the same kind.—It need 
hardly be said that the associations involved in these judgments are of 
an entirely different nature from the casual and unsystematic associa- 
tions referred to above as quickly disappearing in the course of affec- 
tive work. 
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of tones}, and M. said that she had been judging them with 
regard to their relaxing quality. But, upon further considera- 
tion, she decided that she had been confusing relaxation with 
depression. A trial series of 5 tones | was then given, and as 
both M. and G., who was observing with her, found it much 
easier to judge of relaxation in the downward series, the series 
RY was given before the series R4. 

On the first day of experimenting on relaxation M. wrote: 
‘*The drop, rather than the second tone itself, seems to be re- 
laxing; usually there is no relaxation with the first note, un- 
less it is very high; the negative cases seem to occur when 
there is no interval feeling.’ During the next series she wrote: 
‘‘Apparently the relaxing feeling is merely the release of atten- 
tion from the first note. Each pair of notes gives you a sort of 
question and answer feeling.’’ The following day M. gave 
judgments on strain, and at the end of the hour wrote: ‘‘In 
making judgments on strain I realize that, in the previous 
judgments on relaxation, I was not judging of the affective 
quality of the individual notes at all—which very seldom gave 
anything like a feeling of relaxation—but merely on the transi- 
tion from one to the other. If you do not attend to the tran- 
sition or interval but to each note separately, you get either the 
‘straining’ feeling or absence of any feeling,—not relaxation.’’ 

During the series R}, M. reported: ‘‘Relaxation seems to 
be similar to depression. I get the judgment ‘relaxing’ by 
trying to see how relaxed I can be while the note is sounding. 
Relaxation seems to be associated with a visual picture of 
height. It seems to require a greater effort to feel relaxed on 
high notes.’’ 

After the completion of both series of experiments on relaxa- 
tion, M. said that the feeling of relaxation was like the muscu- 
lar strain of stooping downward; that she arranged the tones 
in a visual line sloping downward from right to left, and that 
when a high was followed by a low tone she felt as if she were 
bending downward with the second tone; in other cases the 
feeling arose when tones were lower than she had expected 
them to be; when there was no bending with the tone, there 
was no feeling of relaxation. 4 

In R4 there were 12 undecided and two negative cases. 

In Ry there were 3 undecided and 24 negative cases. 


SUMMARY OF RESULTS FOR M. 


Putting together, now, the subjective and objective evidence 
to be derived from introspections and curves, we arrive at the 
following conclusions. 

(1) The Pand Ucurves take typically opposite courses. 

(2) The judgemnts of P and U are direct or immediate 
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judgments. This does not mean, of course, that the affective 
quality a/ways attaches blindly, so to say, and with introspec- 
tive finality tothe clang. It has been sufficiently shown, ¢. g., 
by Whipple’s experiments, that every sensory stimulus sets up 
a wide-spread organic reaction, over and above the exercise of 
its specific influence.’ At times, the organic factors are more 
prominent, as the sense-basis of the affective reaction, than 
dis the clang itself. In terming the P-U judgments direct, 
therefore, we mean only that the affective quality of pleasant- 
ness or unpleasantness appears in consciousness at once as the 
clang-stimulus produces its conscious effect. Whether the 
attention is caught mainly by the clang as such (which then 
appears ‘intrinsically’ pleasant or unpleasant), or whether it 
is centered rather upon the muscular adjustments and organic 
‘sets’ to which the clang stimulus necessarily gives rise (in 
which case these sets and adjustments appear as the immediate 
vehicle of the feeling) ,—these alternatives, however important 
their decision in other connections, are irrelevant for our pres- 
ent purpose. The point here to notice is that the P-U judg- 
ments are passed at once, without hesitation or reflection. 

(3) No particular difficulty is experienced with the £- 
reactions. The £-curves closely resemble the U-curves, and 
the introspective record states definitely that excitement was 
unpleasant. Excitement is thus interpreted by M. as the 
opposite of soothing calm, quiet tranquilization; not as the 
opposite of depression in the sense of melancholy, sadness. 

(4) On the other hand, the D-reactions are, precisely as 
in Titchener’s experiments, relatively difficult. They are 
obtained only by setting-up and maintaining an artificial 
standard of judgment. The curves show an oscillatory down- © 
ward course from deep to high tones; the judgments are mat- 
ters of emotive association. It may be noted that, in her op 
sition of exciting to soothing, and depressing to irritating 
clangs, M. shows the same tendencies as Titchener’s observers 
N. and second G. (op. ctt., 394 ff.). Her curves are of the 
same type as G.’s curves in Figg. 8, 11, 12 of Titchener’s arti- 
cle. So far, therefore, we have at all points a general con- 
firmation of Titchener’s conclusions. We now come to new 
ground. 

(5) No particular difficulty is experienced with the S- 
reactions. But the curves are very similar to the curves 
for U, and the introspections bear out the hypothesis that 
the affective factor in judgments of strain is the factor of 
unpleasantness. 

(6) On the other hand, the difficulty experienced with D 
recurs with 2. The mechanism of judgment inthe two cases 


1 American Journal of Psychology, XII, 1900-1, 444. 
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is much the same; and the A-curves, like the D-curves, show 

an oscillatory downward course from deep to high tones. 

mn can be little doubt that the curves are associative arti- 
ts. 


Observer G. is Mr. L. R. Geissler, assistant in the psychologi- 
callaboratory. G. had 2 years’ experience in experimental 
work. He had no more definite knowledge of the purpose of 
the experiments than M. He also is musical. 

The experiments were made first in the following order: 
PA,PY, DE, UY, 
and then repeated in the order EY, SA, D4, UY, RY, 
Er, S|), Py, DY, U4, in all, 6,845 comparisons. 

(1), (2). Pleasantness and unpleasantness. Although G. 
reported only one negative case (P4 ) in the 1,104 experiments 
upon P and U, he seemed at first to have difficulty in decid- 
ing which of two tones was the more pleasant or unpleasant. 
In the series P4 he reported 63 undecided cases, in PY, 58, 
in U4 64, andin Uy 21. He said that he found it difficult 
to choose between tones very far apart or very near together 
in the scale. But when these pairs were repeated later, the 
total of all undecided cases in P and U was reduced to 2. He 
reported the influence of interval on only one day. On that 
day he said that the succeeding tones often suggested a melody. 
This he found somewhat distracting, and it made the judgment 
of pleasantness more difficult. G. reported no other distrac- 
tions or associations. He had a particular dislike for c, which 
is clearly shown in all his curves. 

(3), (4). Excitement and depression. G. had a good deal of 
difficulty in experiencing the feeling of excitement, and finally 
concluded that ‘‘if there is anything more than unpleasantness 
at all’’ it must be the state of muscular restlessness which 
some tones aroused. We note that the curves of excitement 
and unpleasantness are almost identical. 

‘* Depression is a vague, general feeling of quiet, letting-go, 
avoiding activity; one feels so lazy that it seems an unpleasant 
interruption to the general state of mind to have to record a 
judgment on the tones.’’ This state of mind, he says, is pleas- 
ant, though depression is a rather more passive and neutral 
state than what he terms pleasantness. The depression curves. 
are very similar to those of pleasantness. 

(5), (6). Strain and relaxation. Strain and relaxation are ° 
described in muscular terms. G. has a tendency to sing the 
tones, and those that are within his range are easy and pleas- 
ant; those above his range are unpleasant and straining. 
These muscular strains are localized in the throat, face and 
forehead. Some, especially the very high tones, are so un- 
pleasant that it is a constant strain to listen to them. Then: 
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G. finds strain sensation in the ears, and various muscular 
contractions involved in the effort of attention. The curves 
bear out the close connection between strain and unpleasant- 
ness which is indicated by these introspections. 

Relaxation seems to be merely the absence of the various 
kinds of muscular strain just enumerated. G. had great diffi- 
culty with these judgments, because he ‘‘had no standard. 
There was nothing but the general diffused feeling of relaxed 
muscles and a vague, undisturbed state of mind.’’ This ex- 
perience was generally pleasant. We note that the curves of 
relaxation are good opposites of those of strain, and run prac- 
tically the same course as those of pleasantuess. 


SUMMARY OF RESULTS FoR G. 


(1) The ?-U curves show typically opposite courses. 

(2) After initial practice, the P-U judgments are direct 
or immediate. 

(3) Excitement is with difficulty differentiated from un- 
pleasantness, and what difference there is appears simply as a 
difference in the range of the organic vehicle of the feeling. 
The curves of £ resemble the curves of U. 

(4) Depression, the given opposite of (unpleasant) excite- 
ment, is interpreted to mean soothing restfulness, undisturbed 
calm. It is pronounced pleasant, and the curves agree with 
the curves of P. The curves are of the same type as those of 
Titchener’s first observer G. (op. cit., Figg. 1-6). 

(5) Sand & are described in muscular terms, S being un- 
pleasant and & pleasant. The curves agree in general with 
the U-—P curves. 


Observer C. is Mr. J. H. Coffin, assistant in the psychologi- 
cal laboratory. C. had had 2 years’ experience in experimental 
work before these experiments were begun. He was familiar 
with Wundt’s tridimensional theory, but had not read Titch- 
ener’s article, and had only a general idea of the purpose of 
the experiments. He is musical. 

The experiments were made in the following order: P}, 
Ey, St, Uy, Ry, Sy, Py, Dy, U4, 
3,312 comparisons. 

In all the experiments with the harmonical, C. reported a 
constant tendency to sing the tones given. His judgments 
were largely dependent upon the ease or difficulty of the mus- 
cular adjustment to tones in different parts of the scale: 

(1), (2). Pleasantness and unpleasaniness. During the first 
series given (P4), C. reported that he was influenced in his 
judgments by the intensity, quality, and clang-tint of the 
tones, and occasionally by the intervals they formed. This 
last he thought was due to the fact that he had a constant 
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tendency to sing the tones. Those tones were the pleasantest 
which lay in the middle of his range, and could be sung most 
easily. 

During the second series on pleasantness, C. reported that he 
had been noticing some organic sensations which stood out 
quite prominently. ‘‘ The pleasant tones start a little jerk or 
thrill in or near my heart, which spreads upward and culmi- 
nates in a sort of thrill or glow in the neck and cheeks.’’ 

C.’s judgments of unpleasantness seemed to depend upon 
the muscular strain involved in trying to sing tones above or 
below the natural range of his voice. He says that it is diffi- 
cult to write introspections upon unpleasantness without using 
the words ‘‘ muscular strain.’’ He localizes the strain sensa- 
tions in the throat, forehead and chest, and occasionally in the 
ears. ‘‘The more strain there is, the more unpleasant a tone 

It will be noted that the curves bear out these introspections. 
It is the very high tones that are seldom chosen as pleasant, 
and almost always as unpleasant ; the middle and lower tones 
are very often chosen in the P series and seldom in the / 
series. 

(3), (4). Excitement and depression. The series EY was 
given immediately after the first series on pleasantness (P4 ). 
C. noted again the constant tendency to sing the tones. 
‘Tones that are either above or below my range seem more 
stirring—awaken more muscular response in both chest and 
throat. The excitement consists in this muscular tension or 
disturbance.’’ During the series £4, C. said that excitement 
was a ‘‘stirring or thrilling’’ experience, and mostly organic. 
C. reported that the high tones were generally unpleasantly 
exciting, while the low tones were sometimes pleasantly ex- 
citing. It is to be noted that the curves of excitement follow 
in general the course of the unpleasant curves. 

C. had great difficulty in experiencing depression with the 
tones, and felt great uncertainty about his judgments all 
through the series. He said he did not think that muscular 
tensions had anything to do with this quality; that very low 
tones were depressing because they were big and heavy, and 
high ones because they were so little and insignificant; the 
low ones sometimes seemed to bear down upon him, the high 
ones ‘‘made him tired.’’ Depression was generally accom- 
panied with difficult breathing ; hischest often ‘‘ felt weighted.’’ 
He sometimes found himself holding his breath. He reported 


that the depression was usually unpleasant, though the low 
tones were often depressing and pleasant. He said that de- 
pression was not in any sense the opposite of excitement. We 
note that the curves of depression are quite similar to those of 
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unpleasantness, differing mainly in the fact that the tones of 
the lowest octave were the most depressing. 

(5), (6). Strain and relaxation. ‘‘ Strain is clearly a case 
of muscular tension ; those tones are the most straining which 
require the most muscular effort to sing them.” To this he 
adds the strain of muscular adjustment in the ears, which in 
tiie case of Very high tones was’ the strain 
occasioned by the effort to sing the tones. This strain was 
always unpleasant. We note that the curves of strain are 
strikingly similar to those of unpleasantness. 

Relaxation is simply the absence of strain, and is always 
pleasant. The F curves are practically the same as the P 
curves. 

SUMMARY OF RESULTS FOR C. 

(1) The P- U curves take typically opposite courses. They 
are of the type of those obtained from Titchener’s second ob- 
server G. 

(2) The P-U judgments are direct or immediate, though 
the spread of the organic reaction is more marked than in the 
cases of the previous observers. 

(3) Judgments of excitement are based upon muscular 
tensions. In general, £ corresponds to UV; though the lowest 
tones may be pleasantly exciting. The curves bear out this 
introspective report. It is clear that C. did not place any defi- 
nite affective value upon the term ‘exciting,’ but took it (as 
the muscular tensions suggested) now as the opposite of mel- 
ancholy, now as the opposite of soothing calm. 

(4) Judgments of depression are difficult and uncertain. 
They are based, according to the introspective report, in part 
upon associations, in part upon unpleasantness. The curves 
show the former influence in the lowest octave, the latter in 
the two higher octaves. 

(5) Strain and relaxation are also muscular matters, and 
are pronounced respectively unpleasant and pleasant. The 
curves bear out the introspections. 


Observer W. is Miss M. C. West, graduate scholar in philos- 
ophy. W. had had no experience in experimental psychology 
before this year, was unfamiliar with Wundt’s tridimensional 
theory, and did not know the purpose of these experiments. 
She is musical.’ 

The experiments were first made in the following order: 
PA, PY, D4, UV, ZY, S%, RK, U4, SV), Ry, 
Dy. The curves obtained were irregular, and it seemed 


1If we classify our observers as objective and subjective in type 

Titchener, Experimental Psychology, I, ii, 1901, xxv f.), the order 

m objective to subjective will be: M., C., G., W.,—and the inter- 
vals will become larger as the series progresses. 
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probable that W. had not precisely understood her instructions. 
Accordingly, the whole series of experiments was repeated 
later in the following order: P4, EY, D4, UY, Ry, 
£4, S), Py, DY, R4. The curves obtained in the 
second series were almost as irregular as those of the first 
series, but showed similar tendencies. The curves published 
are formed by combining the four curves upon each affective 
dimension. W. made 6,809 comparisons. 

(1), (2). Pleasantness and unpleasantness. These judg- 
ments were easy and immediate. In the series there were 
a good many cases in which both tones were reported unpleas- 
ant. W. was sometimes influenced by the intensities of the 
tones, and occasionally by the intervals they formed. Once 
she wrote that it was difficult ‘‘to rid the tones of ideational 
associations,’ but did not specify what these were. W. said 
that unpleasantness arose when the tones were harsh, rough, 
scraping, nasal, or shrill. She found it difficult to decide 
which tone was the more unpleasant when the two were widely 
separated on the scale. 

After the first few days of experimenting, W. was not easily 
distracted. The loud jingling of sleigh bells, and the noise of 
an electric car groaning up-hill, were not even noticed. 

(3), (4). Excitement and depression. W. reported that the 
exciting quality of the tones seemed to ‘‘wake her up muscu- 
larly;’’ that the excitement was a lively, active, motor feeling, 
characterized by tightening-up of the muscles and short breath- 
ing. Sometimes she noted a tightening of the ear-drums. She 
said that high and loud tones seemed to be most exciting; also 
thrilling tones, and those that reminded her of a trumpet or a 
horn. She found excitement pleasant rather than unpleasant, 
though she twice reported that unpleasant tones were occa- 
sionally exciting. 

In order to get judgments upon depression, W. found it nec- 
essary to put herself in a melancholy mood; which, on some 
days, was difficult todo. This mood was characterized by ‘‘a 
constrained, paralyzing feeling,’’ ‘‘a weight on the chest,’’ 
‘slow, deep breathing,’’ ‘‘a feeling of weariness and heaviness.”’ 
W. said, during the last D series, that there were two alterna- 
ting elements in the mood of depression; a passive longing 
which was pleasant, and a feeling of fear or dread that was 
distinctly unpleasant. 

(5), (6). Strain and relaxation. W. described strain in 
muscular terms. She reported a general feeling of tense mus- 
cles, and.a contraction of the ear muscles, both accompanied 
by short breathing. She said that the high tones were the more 
straining, though occasionally low tones were straining, when 
they were especially intense. 
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Strain seemed to her always unpleasant. In fact she thought 
that the strain sensations were the main element in the un- 
pleasantness of the tones. 

To get the feeling of relaxation, W. found it necessary to 
use an artificial method similar to those used by M. in the 
series on D and S. ‘‘I try to take a long breath,’’ she 
writes, ‘‘and, if the tone does not interfere with a good long 
breath and a general let-go feeling, I call it relaxing; if it 
makes me draw together, I call it less relaxing.’’ ‘‘I can’t 
relax on an unpleasant tone.’’ Relaxation seemed to her a 
pleasant feeling due to the absence of muscular strains. 


SUMMARY OF RESULTS FOR W. 


(1) The P-U judgments are direct. The curves, though 
irregular, take generally opposite courses. 

(2) The £-judgments are based upon muscular tensions. 
E is generally pleasant, sometimes unpleasant. The curve is 
very irregular; though it seems to resemble the P-curve at 
first, and the U-curve in its later course. 

(3) The D-judgments are artificially mediated, and there 
seems to have been no constant standard of judgment. W. 
had first to ‘put herself in a melancholy mood,’ to pass 
judgment at all; and the mood, when realized, had alternations 
of pleasant and unpleasant phases. The curve perhaps re- 
sembles the U/-curve at first, and the /-curve in its later 
course. It is clear, however, that W. attached no definite 
affective value to the terms £ and D. 

(4) Sis reported unpleasant, and the S-curve is a very fair 
reproduction of the U/-curve. 

(5) The AR-judgments are associatively mediated. On the 
whole, the R-curve bears out the introspective verdict that R 
is pleasant. 


II. METRONOME EXPERIMENTS. 

The method and apparatus used in these experiments were 
the same as those described in Titchener’s article. Two met- 
ronomes of equal rates were placed in sound-procf boxes. 
From each box a rubber tube, fitted with a brass cock, carried 
the sound to a brass Y, whence the sound passed through a 
metal tube into the adjoining dark room, where it was distrib- 
uted by means of a megaphone funnel. 

The 14 rates used by Titchener were combined in all possible 
pairs, making a series of 91 tests. These rates were: 44, 50, 
60, 76, 92, 108, 120, 132, 144, 152, 160, 176, 192, and 208 in 
the 1 min. The series was formed by chance, and then so 
arranged that the same rate should never occur in two succes- 
sive pairs. This series of 91 pairs of rates was given 6 times, 
thus making a total of 546 experiments. In each pair, the 
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slower rate was always given first. In each series the observ- 
vers were asked, as in the harmonical experiments, to judge of 
one affective quality only. 

The experiments were made upon all three observers at the 
same time. The series were given in the following order : 
pleasantness, strain, unpleasantness, relaxation, excitement, 
depression. The whole series of experiments was made dur- 
ing the months of February and March, 1906. 

The three observers, Miss Murray, Mr. Geissler and Mr. 
Coffin, sat about the funnel in the dark room, and as in the 
harmonical experiments recorded their judgments and intro- 
spections in the intervals between experiments. As before, 
they were instructed to make their judgments without bias, 
and were cautioned against comparing results. At the end of 
each 10 pairs of rates, a rest of from 2 to 5 minutes was allowed. 

The actual conduct of the experiment-is as follows. The 
experimenter sets the two metronomes at the proper rates, puts 
them in the boxes, and closes the doors. With watch in hand, 
he taps on the metal tube as a ready signal, and after 5 sec- 
onds opens the cock and allows the observers to hear the met- 
ronome beating at the first rate, for 7 seconds. After an inter- 
val of silence lasting for 5 seconds, he opens the second cock, 
and leaves it open for 7 seconds. The experimenter then rap- 
idly sets the metronomes at the rates to be next given. This 
requires from 30 to 50 seconds. During this interval the ob- 
servers write their judgments and introspections. 

During these experiments with the metronome, the observ- 
ers were much more disturbed by noises than during the har- 
monical experiments. As a result, it was at first often im- 
possible for the observers to hear the stimuli at all. But, as 
in the harmonical experiments, they soon learned to concen- 
trate their attention upon the metronome beats, and were less 
and less disturbed by noises as the experimenting went on. 

At the conclusion of the 6 series of experiments, each ob- 
server was given a make-up series in which negative, undecided 
and doubtful pairs of rates were repeated. 


OBSERVER M. 595 COMPARISONS. 


(1), (2). Pleasantness and unpleasantness. Series P was 
the first made. M. twice reported that the sound was so faint 
that she had to keep uncomfortably still to hear the beats at 
slow rates. This effort, and the suspense accompanying the un- 
certainty whether or not the stimulus was still sounding, some- 
times made the slow rates seem unpleasant ; and in three cases 
this faintness was made the basis of judgment of unpleasant- 
ness. M. often found herself making an effort to accommodate 
her breathing to the slower rates; then the ease with which 
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she could make this accommodation determined the pleasant- 
ness or unpleasantness of the rates. Rapid rates often made 
her head throb unpleasantly, and sometimes gave her ‘‘an un- 
comfortable feeling in one ear.’’ A slight difference in pitch 
between the two metronomes was noted on the second day of 
experimenting ; this was made the basis of judgment in one 
case. On the same day she said that the rates sometimes sug- 
gested pleasant or unpleasant associations which tended to 
influence her decisions. 

In the FP series there were 5 negative, 5 undecided, and 3 
doubtful cases ; in the U/ series, 11 undecided, 2 doubtful, and 
no negative cases. 

(3), (4). Zxcitement and depression. M. reported that in 
reacting to the exciting character of the rates, consciousness 
was completely filled with the processes (mainly muscular) 
involved in the excitement; that there was a succession of 
muscular strains ‘‘in the effort to keep up with the rate,’’ 
accompanied by more or less confusion and hurry,—a sort of 
‘driven feeling;’’}? that there was also ‘‘a continuous whirr in 
the head.’’ The higher degrees of this experience were decid- 
edly unpleasant. As to depression, M. writes: ‘‘I think I 
could not give judgments upon this unless I especially directed 
my attention to it beforehand, and regarded it as the oppo- 
site of excitement.’’ In order to obtain the depressed feeling 
it was often necessary to call up associations. When expe- 
rienced, depression was accompanied by the relaxation of 
certain muscles and by slow breathing; M. felt either quite 
indifferent to the stimulus, or was only slightly affected by it. 
The state in general was neither positively pleasant nor posi- 
tively unpleasant, but rather indifferent. 

In series £ there were 2 negative, one doubtful and no un- 
decided cases; in series D 6 negative and no undecided or 
doubtful cases. 

(5), (6). Strain and relaxation. M. described the feeling 
of strain as a ‘‘general muscular tension, due to a rigid atti- 
tude.’’ One day this strain seemed to be localized in her fore- 
head. It was accompanied by a breathless feeling. She was 
“completely absorbed in following the stimulus.’’ Conscious- 
ness seemed crowded, so that there was no room for associa- 
tions. On another day she thought the strain localized in her 
ears; it accompanied each stroke of the metronome, but disap- 
peared at the least relaxation of the attention. The strain 
often grew less after the first few beats of a group. She 
reported that the feeling of strain was generally unpleasant. 
The second metronome seemed at times to her to be of a slightly 


1‘Feeling’ in the general sense of Bewusstseinslage. 
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higher pitch; this, she thought, increased the straining quality 
of the beats. 

M. describes relaxation as a pleasant feeling, with no confu- 
sion or effort, The rates which were accompanied by relaxa- 
tion were those which could be easily followed with the throat 
muscles, or did not conflict with an easy rate of breathing. 
Relaxation seemed to be the opposite of excitement as well as 
of strain. She said that the ‘‘whirr in the head’’ noted above 
under excitement was quite lacking. 

In the series S, there were 1 negative, 9 undecided, and 2 
doubtful cases; in the series R, 1 undecided, 1 doubtful and 
no negative cases. 


SUMMARY OF RESULTS FOR M. 

(1) The P and U curves take roughly opposite courses. 
In general type they resemble the curves of Titchener’s ob- 
servers M. and D. (of. cit., 400). 

(2) Judgments of P and U were direct or immediate. 
The organic factors in the sensory vehicle of the feeling were 
often prominent. 

(3) Inthe case of Z and D, judgment was passed mainly 
in terms of sensation (‘muscular’ sensations, in the widest 
sense of that phrase). We find, accordingly, that the curves 
tend to take a straight course, the quickest rates being the 
most exciting, and the slowest the most depressing. Increase 
of £ is unpleasant, and the latter half of the Z-curve shows a 
similar course to that of the U-curve. The D-judgments are 
difficult ; they are regarded merely as the logical opposite of 
the £-judgments, and are often mediated by association. No 
constancy of affective tone is reported. It must, therefore, 
—- be concluded that this curve is an associative arti- 
act. 

(4) Judgments of strain and relaxation were easy and 
direct. The introspections resemble those given for Pand U, 
and the curves (as in Titchener’s experiments) accord well 
with the curves for Pand U. 

(5) Neither in the Z-D nor in the S-R experiments is 
there evidence of any affective factor other than P-U. It is 
ew that M. regards F as the opposite both of S and 
of £. 

OBSERVER G. 606 COMPARISONS. 

(1), (2). Pleasaniness and unpleasaniness. With the slow 
rates, G. had a feeling of strained expectation or suspense, 
which made them seem unpleasant. Very rapid rates gave 
him an uncomfortable, hurried feeling. ‘It is,’’ he writes, 
“always unpleasant for me to be hurried faster than I want to 
go.’’ In cases where the two rates were nearly equal, he 
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found it impossible to decide which was the more pleasant or 
unpleasant without the help of associations. During the first 
two days, G. said he could detect no difference in rate between 
the following pairs: 50 and 60, 60 and 76, 92 and 108, 120 and 
132, 144 and 152, 152 and 160, 176 and 192. G. reporteda 
slight occasional difference in pitch between the two metro- 
nomes, which sometimes influenced his judgments. During 
the experiments upon excitement, G. reported that when the 
slow rates approximated his natural rate of breathing, they 
seemed decidedly pleasant. 

In series P there were 7 doubtful, no negative, and no un- 
decided cases; in series U, 2 negative, 16 undecided and 2 
doubtful cases. 

(3), (4). Excitement and depression. G. seems to have 
made his judgments upon these two qualities principally by 
the help of the train of ideas suggested by the rates. The 
faster rates suggested horses racing, rapid musical composi- 
tions, etc.; the slower, bad weather, funeral marches, etc. 
Without the help of these associations he was unable to feel 
either excited or depressed. He described the feeling of ex- 
citement as muscular restlessness attended by ‘‘a restlessness 
of mind’’ in which these associations rapidly succeeded one an- 
other. The higher degrees of excitement were unpleasant. 

In the series D, G. chose the first rate of the pair every 
time, as if he had decided beforehand that slow rates must be 
the more depressing. No negative, undecided or doubtful 
cases were reported in either series. 

(5), (6). Strain and relaxation. On the first day of the 
strain series, G. reported a feeling of strained expectation, 
which was especially noticeable with the slower rates. This 
is the same observation as that which he made during the series 
U. Later he said that it was difficult to keep from confusing 
strain with unpleasantness or with the sensations of muscular 
tension accompanying the effort of attention. In 4 cases, both 
rates seemed the same (44 and 50, 50 and 60, 60 and 76, 76 
and 92). 

G. described relaxation in organic or muscular terms as 
restfulness, ‘‘settling down,’’ quietude. This was easiest to 
experience with the rates of moderate speed. Very slow rates, 
he said, ‘‘seemed to hold him in suspense’’ and so made relaxa- 
tion impossible. 

In series S, there were three negative, 14 undecided, and 6 
doubtful cases; in series R, no negative, 6 undecided and 4 
doubtful cases. 


SUMMARY OF RESULTS FOR G. 


(1) The P-U curves take opposite courses, which agree in 
general type with those of the curves already mentioned. 
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(2) Judgments of P-U are direct. 

(3) The £-D curves wear an artificial appearance, and the 
judgments are avowedly mediated by associations. There is 
no evidence of an affective factor, save that high degrees of ex- 
citement are pronounced unpleasant. The curves approximate 
straight lines, the highest rates being the most exciting, the 
slowest the most depressing. 

(4) Judgments of Sand are based partly upon ‘muscular’ 
sensations, partly upon the P-U factors. In general the R- 
curve resembles that of P, the S-curve that of U. Indeed, 
when we consider the degree of practice implied in these ex- 
periments, we may probably say that the curves agree as well 
together as would pairs of P or of U curves. 


In all the experiments with the metronome, C. noted a con- 
stant tendency to ‘‘keep time’’ with the beats by some sort of 
muscular movement, with the throat, feet, hands, etc., and his 
judgments were based upon the ease or difficulty of this pro- 
cedure. C. made 556 comparisons. 

(1), (2). Pleasantness and unpleasantness. These judg- 
ments were directly determined by the ease or difficulty of the 
muscular response to the rates. In very rapid rates, C. grouped 
the beats by fours and then counted one to each group, accent- 
ing the first beat. In medium rates, the single beats suggested 
arhythm and the muscular response was pleasant. In two 
cases (pairs 144 and 152, 176 and 192) the rates seemed to be 
the same. Where they were widely different, he found it diffi- 
cult to compare them in order to choose between them. On 
the first day he thought that the pleasantness or unpleasant- 
ness of the different rates depended somewhat upon his general 
condition: when he was sleepy, he preferred the slow; when 
he was wide awake, the faster were the more pleasant. 

In series P there were 5 undecided, but no negative or doubt- 
ful cases; in series V/ there were no negative, undecided or 
doubtful cases. 

(3), (4). Excitement and depression. During the £& series, 
C. wrote: ‘‘there seems to be a rate of bodily movement which 
is natural and easy; the attempt to keep time with rates faster 
than this natural rate is exciting. Depression is merely the 
absence of excitement and not itself a positive quality.’’ 

‘When very slow rates are given, I cannot help dividing 
the long interval between beats, and counting twice to a beat. 
In this way I obtain a rate that is twice as fast as that given 
and much more comfortable.’’ No negative, undecided or 
doubtful cases were reported in either series. 

(5), (6). Strain and relaxation. To C. strain seems to 
have meant the muscular tension involved in the effort to 
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‘*keep up with’’ the beats. The most straining rates, he 
says, are those ‘‘that require the most muscular tension in the 
effort to keep time,—those that are farthest from a natural 
bodily rhythm."’ These were unpleasant. 

Relaxation was merely the absence of strain. Those rates 
seemed most relaxing that called forth the least muscular exer- 
tion and approximated the ‘‘natural rhythm.’’ Relaxation 
was thus not differentiated from depression. 

In series S there were no negative, 1 doubtful and 4 unde- 
cided cases; in series R, no negative, doubtful or a 
cases were reported. 


SUMMARY OF RESULTS FOR C. 


(1) The curves of P and U take opposite courses. The 
P-curve shows some irregularities; but the U-curve ‘is more 
regular, and both are of the familiar type. 

(2) The P-U judgments are direct. 

(3) The observer shows the tendency to make the faster 
rates exciting, the slower, rates depressing, which we have 
found also in M. and G. ‘The irregularities at the beginning 
of the curves are apparently due to the observer’s tendency to 
double the rates. 

(4) Strain was unpleasant, and the curves of S and of U 
accord. Ris identified with D, and the same type of curve 
results. 

CONCLUSION. 


We have now obtained the six Se?Tes’ of affective judgments 
posited by the tridimensional theory of feeling, (1) with clangs, 
from four observers, and (2) with metronome intervals, from 
three observers. The results may be briefly summarized as 
follows. 

(1) For all observers alike, and for both kinds of stimula- 
tion, judgments of P and U were easy, direct and natural. It 
was exceptional to find any reason, any basis, for these judg- 
ments: the stimuli were intrinsically pleasant and unpleasant, 
—more pleasant or more unpleasant than their neighbors: and 
where a reason or a basis was found, outside of intrinsic affect- 
ive tone, it lay in the organic reaction set up by the stimulus 
employed. The curves of Pand U followed opposed courses. 
There can be no doubt, then, upon any theory of feeling, as 
regards the validity of the P-U dimension. 

(2) No evidence was obtained, thronghout the investiga- 
tion, of the existence of a plurality of P or of U qualities. On 
the contrary, P and U appeared to be homogeneous and sim- 
ple, identical in all experiments. Variations in the ‘color’ of 


JouRNAL—7 


| 

| 

| 

| 

| 

| 

} 

| 


HAYES: 


go 


3 


PLATE VII. 


R. 


208 Wa bo 


| 
Ee. 
; q 
$ 
q 
3} 3 
| 
a“ 
S || 
1 
y é 
F 
4 4 
5 
i 


A STUDY OF THE AFFECTIVE QUALITIES. 391. 


Pand U were referred by the observers to variations in the 
organic reaction set up by the stimulus. 

(3) For all observers alike, and for both kinds of stimula- 
tion, judgments of strain were easy and, on the whole, direct. 
Strain was, however, described in ‘muscular’ terms through- 
out, and increasing strain meant, uniformly, increasing un- 
pleasantness. The curves of S correspond closely to the curves 
of YU. So far as its affective side is concerned, therefore, strain 
may be identified with unpleasantness ; there is no evidence of 
a new affective quality or affective dimension. 

(4) Less direct, but still fairly natural, were Z-judgments 
upon clangs. In the case of M. and G., excitement means 
unpleasant muscular tension; and the #-curves agree with 
the U-curves. In the case of C., excitement means, accord- 
ing to the nature of the muscular tensions aroused, now the 
opposite of melancholy, now that of calm: usually it means 
the latter, and is unpleasant. For W., on the contrary, £ is 
usually pleasant, sometimes unpleasant. There is no evidence 
of a specific #-dimension, or of a number of different Z— 
qualities. The Z—judgments upon metronome intervals tend to 
be purely intellectual (sensationally motived) and not affective 
judgments. Fast rates are termed exciting, slow rates depressing. 
High degrees of excitement are found unpleasant. 

(5) Still less direct are the D-judgments. For M., with 
clangs, the whole experiment was associatively motived, and 
the standard of judgment associatively maintained. We may 
surmise from the introspections that, had M. been asked to 
judge of the ‘soothing’ (instead of the depressing) character 
of the clangs, she would have given a P-curve as response to 
the instruction. For G., D means tranquility, soothing calm ; 
and his curve isa P-curve. For C., D vacillates in meaning : 
his judgments are either associatively mediated, or judgments 
of U (depression=melancholy). For W., D isa still more 
artificial and still more vacillating term. The mood of de- 
pression is associatively aroused, and shows alternating phases 
of Pand UY. In the metronome experiments, D has for M. no 
constant affective value; the judgments are intellectual, and 
associatively motived. The judgments of G. and C. do not 
either show any affective influence. 

(6) The R-judgments of M. with clangs are associatively 
motived: R is much the same as D. G., C. and W., on the 
other hand, make & the opposite of unpleasant strain, and ac- 
cordingly give P-curves. In the metronome experiments, 
the results are the same, but their distribution is different. M. 
and G. give P-curves, making relaxation mean pleasurable 
muscular attitude or pleasurable organic set; C. identifies R 
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with D, and gives a curve similar to his D-curve. Nowhere 
is there any evidence of a specific R-dimension or R-quality. 

(7) The conclusions drawn by Titchener from his two- 
dimensional study of the Wundtian theory are confirmed by 
our results. 

(8) ‘The tridimensional extension of the method of paired 
comparisons is justified by the directness of all S-reactions 
and of the majority of the A-reactions to clangs. On the 
other hand, the Z-D experiments with metronome intervals 
failed entirely to educe an affective reaction, whether of the 
familiar P-U/ or of the hypothetical Z-D type. 


Our evidence, then, is against the tridimensional theory of 
feeling; it supports the dual theory in its traditional form. 
We have, now, no desire to press this evidence to the breaking- 
point. We grant freely that the experiments are not even 
yet very numerous; that the observers also should be increased 
in number; and that the range of stimuli has been limited. 
What we urge is, that the experiments, so far as they go, all 
point in the same direction. And we urge, further, that they 
are experiments: that our observations have been made under 
standard conditions, with trustworthy and conscientious ob- 
servers, and by an approved method which allows of the corre- 
lation of subjective and objective results. More than this we 
do not assert. It may be that future investigation will show 
our procedure to have been too crude and general to do justice 
to the full complexity of factors co-operating in the affective 
consciousness. It may be that that subtle and intangible in- 
fluence of ‘laboratory atmosphere’ has, in spite of all our 
care and of the attempted impartiality of our observers, been 
at work to vitiate our conclusions. We cannot disprove either 
of these objections, if it be brought against us. We shall be 
satisfied if we have shaken the pluralists, for the moment, out 
of their dogmatic slumber. 

For the pluralistic theory may, surely, be described as a 
dogma. On the experimental side, appeal has been made by 
its representatives only to the results of the method of expres- 

» sion. This method has repeatedly been declared, by Wundt 
himself, to be subsidiary to the method of impression. That 
apart, however, the appeal has broken down almost as soon as 
made. Or is there, at the present time, any iota of evidence 
for the multidimensional theory to be drawn from the pub- 
lished investigations? ‘The evidence seems to be found, rather, 
in the bias of the psychologizing mind. The affective life 
is extremely rich, extremely complex; and it appears, so to 
say, derogatory to the composition of the human mind to 
find the affective factors proper solely in pleasantness and 
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unpleasantness. When James says that the dual theory ‘‘is a 
hackneyed psychological doctrine, but on any theory of the 
seat of emotion it seems to me one of the most artificial and 
scholastic of the untruths that disfigure our science ;’’’ when 
Ladd writes of the same theory that it is not only ‘‘wholly 
inadequate to describe and explain the admitted data of con- 
sciousness, but even contradictory of those data,’’—that it 
“receives confutation at every point from the data of psycho- 
logical science;’’? when Wundt declares that to the observer 
who has freed his mind of prejudice, and who adopts the right 
method and principles, there ‘‘drangt sich unweigerlich eine 
Anzahl seelischer Zustande der Wahrnehmung auf, denen 
man zwar durchaus den Charakter von Geftihlen zuerkennen 
muss, die sich aber in die Schablone der Lust und Unlust 
nimmermehr einzwangen lassen ;’’* when Lipps postulates, 
besides pleasantness-unpleasantness, primary feelings of effort, 
of certainty, of reality:* we can understand the attitude which 
these authors take up, and we can give a hearty assent to their 
insistence upon the variety, the delicate shading, the subtle 
transitions of emotive experience. The question of the plu- 
rality of the affective elements sensu stricto is, however, a ques- 
tion of fact; and we have a right to demand more than casual 
self-observation, more even than intense psychological convic- 
tion,—we have a right to demand evidence of the combined 
objective and subjective sort which direct experimentation 
alone can furnish. So long as no attempt is made to bring 
such evidence, is not the pluralistic theory a dogma? Do not 
the differences which the different authors evince in their 
catalogues of the primary affective dimensions show, with all 
desired clearness, that the theory is a matter of personal im- 
pression and prepossession, rather than of systematic work? 
And may we not, with justice, challenge the partisans of the 
theory to take up the issue, experimentally, and at least to 
withhold their condemnation of the traditional view until 
some positive evidence for their own has been adduced ?— 

To us, it has seemed best, instead of extending the method 
of paired comparisons beyond the point now reached to other 
classes of stimulus, to change the venue of the problem alto- 
gether, and to attack it on the side of mixed feelings. A sec- 
ond article will therefore report an experimental study of 
these much-discussed processes. 


1 Psychol. Rev., i, 1894, 525. 

2 Psychol., descrip. and explan., 1894, 167, 169. 

Phys. Psych., ii, 1902, 285. 

4Selbstbewusstsein, Empfindung und Gefiihl, 1901; Vom Fiihlen, 
Wollen und Denken, 1902. 
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ACCURACY IN HANDWRITING, AS RELATED TO 
SCHOOL INTELLIGENCE AND SEX.’ 


ARNOLD L. GESELL. 


If Preyer is at all right in saying that ‘‘the connection 
between physical and psychical processes reveals itself more 
plainly in handwriting than in any other voluntary move- 
ment’’ (18:1), a search for correlations in this direction should 
be profitable. Preyer’s own attempt, along with Crepieux- 
Jamin’s (6) and Meyer’s (17), to establish graphology on a 
scientific basis constitutes such a search for correlations on a 
very ambitious scale. The more restricted investigations by 
the alienists (7; 11; 17), with the Goldscheider-Kraepelin 
Schriftwage, may also be viewed as a search for the correlates of 
handwriting, especially the handwriting of the insane. These 
two fields, the characterological and the pathological, have 
so far been cultivated to the comparative neglect of the more 
normal and commonplace aspects of handwriting. 

The present study concerns itself with ordinary school pen- 
manship, considered as a motor function. There are peculiar 
reasons why the handwriting of a large number of school chil- 
dren should be studied from this standpoint. Writing is a 
very delicate, complicated activity, requiring a high degree of 
co-ordination and years of almost daily practice before it be- 
comes an established acquisition. Few movements to which 
the hand of the ordinary child is trained, are more difficult, 
and in no other example of ‘‘manual training’’ are the degrees 
of efficiency so conveniently recorded. Furthermore, in the 
case of no other school activity is there such a conspiracy of 
influences to secure uniformly excellent results. Constant 
pressure from the teacher, usually supplemented by praise or 
blame from the parent, and a mathematically accurate model 
are for eight years not allowed to lapse, so that here condi- 
tions are most favorable for the production of absolute uni- 


11 wish to acknowledge my indebtedness for various favors to Mr. 
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Superintendent Walter E. Fernald and teachers of the Massachusetts 
School for Feeble-Minded Children. I have also to acknowledge 
many courteous services from the principals and teachers of the 
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formity. ‘The very apparent and tangible differences which 
appear in spite of these conditions challenge consideration. 

he present study limits itself to the differences in the accu- 
racy of penmanship, that is, the differences in the amount of 
deviation from a perfect copy. The principal material was 
collected with the assistance of one hundred and five teachers, 
from the public schools of Worcester, Mass. Each teacher 
submitted four sets of representative specimens written by the 
pupils of her grade, as follows: 

Group I. Specimens from the three Best writers in the 
grade. 

Group IZ. Specimens from the three Worst writers in the 
grade. 

Group I/7. Specimens from the three pupils of highest 
mental ability as represented by school standings. 

Group IV. Specimens from the three pupils of lowest 
mental ability as represented by school standings. 

To each specimen was attached a slip giving desired data . 
about the pupil, as indicated below : 

(1.) School Intelligence (as shown by standings): Very 
Good, Good, Fair, Poor, Very Poor. 

(2.) General Intelligence (irrespective of standings): Bright, 
Average, Dull. 

(3.) Motor Ability (a careful judgment of the pupil’s mus- 
cular dexterity, as shown in Drawing, Sewing, Manual 
Training and general aptness in using fingers, hands and 
arms): Clever, Average, Clumsy. 

(4.) Facility in Writing: Ease, Moderate Ease, Effort. 

The grades represented in the returns are from I to IX 
inclusive, with a total enrollment of 4,361 pupils. The aver- 
age number of specimens for each grade is 140; the number 
for each Group is 315, making the total number of specimens 


classified and tabulated below 1,260. 


General Motor Facility in 


Intelligence Intelligence! Ability Writing 


3 : 

Group I 122/193} 86|105| 82| 30| 12/122/168} 25/124/174| 13)187|115| Io 
Group |238| 54] 92| 88) 55) 60/160! 18|124/152) 52\103 148 
Group III [147|168/236| 64) 5 269} 46 159146] 26 
Group |174\141 22|123)170| 11| 97|204) 23|149|137| 56|141|104 
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The figures show a surprisingly decided tendency for accu- 
racy in children’s writing to vary directly with school intelli- 
gence. It should also be mentioned, since the above table 
gives only the sum totals, that the tendency is a constant one, 
and presents itself with but slight fluctuations in every grade 
from the first up. In Group /, which contains the Best writers, 
there are 191 Good and Very Good pupils. Out of a total of 
315 in this group there are only 25 (7.8%) who are ranked as 
Dull by their teachers. In Group J/, which contains the 
Worst writers, the corresponding tendency is just as constant. 
There are 143 Poor and Very Poor pupils against 80 Good and 
Very Good. ‘The number of Bright pupils is 60 (19%). The 
tendency toward a correlation is corroborated by the manner 
of distribution of those pupils who fall into more than one 
group. Out of a total of 1,260, the number of Best pupils 
who are at the same time the Worst writers is only 6; and the 
number of Poorest pupils who are at the same time the Best 
writers is only 7. On the other hand there are 66 Best pupils 
who are also the Best writers and 70 Poorest pupils who are 
also the Worst writers. ‘The general tendency was again veri- 
fied when the 730 specimens in Groups J/J and /V were 
divided into two equal sets of best-written and worst-written 
specimens ; 207 pupils in Group /// wrote best ; 207 pupils in 
Group IV wrote worst. These same 730 specimens were after- 
wards taken and subjected to a rigorous sifting process, by 
means of which the more neutral specimens were discarded 
and two extreme classes of the most and least accurate writing 
were formed. Of 180 Very best specimens, 125 were written 
by the Best pupils, a direct correspondence of 70%. Of the 
134 Very worst specimens 103 were written by the /oorest 
pupils, a correspondence of 77%. 

Asa check and sidelight on these results a collection of speci- 
mens from the six grades of the School for the Feeble-Minded 
at Waverley, Mass., was examined. These specimens, 72 in 
number, were tabulated and classified on a basis corresponding 
to that used for normal children. ‘The results are in harmony 
with those already noticed. Out of 18 Best writers not one 
was reported as Very Poor (in school intelligence); while out 
of 18 Worst writers, only one was reported as Very Good. 
The number of pupils falling in both Groups 7 and /// was 4; 
the number falling in both Groups // and JV was 7. The 
division of the specimens in Groups J/J and /V into 2 equal 
sets of best and worst-written, showed that 13 of the 18 Best 
specimens were by Best pupils, and 13 of the 18 Worst speci- 
mens were by Poorest pupils. 

Before commenting on the nature and validity of the corre- 
lation suggested by these results it is necessary to take into 
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account another factor, which will be seen to have considerable 
influence on the accuracy of writing; namely, that of sex. 
The sex differences in writing have already been investigated, 
notably in the experimental studies by Gross (11: 450) and 
Diehl (7:1) and in Binet’s interesting paper, ‘‘La grapholo- 
gie et ses révélations sur le sexe, l'dge et Pintelligence.’’ Binet 
believes the existence of sex characteristics in writing ‘‘to be 
demonstrated in a most satisfactory manner’’ (4:208). These 
studies, however, are concerned with the handwriting of 
adults and offer nothing that has an application here.’ 

A few figures will bring out the extent of the sex difference 
in accuracy of writing. Group J contains 193 girls (61%); 
Group II contains 77 (24.6%); Groups /// and JV respectively 
contain 168 and 141 girls. Of 180 Very Best specimens se- 
lected from Groups JI] and JV, 116 (64.4%) were written by 
girls; while of 134 Very Worst specimens from_ these two 
groups, 94 (70%) were written by boys. Again, of 63 pupils 
falling in both Groups / and ///, 43 (68%) were girls; and of 
70 falling in both Groups /7 and JV, 52 (74%) wereboys. In 
the high school the differences are most marked. Taking 257 
specimens of vertical writing and dividing them according to 
the uniformity and symmetry of the script into 4 classes, it was 
found that the most copy-book-like class contained 11 boys’ 
and 43 girls’ specimens; and the least copy-book-like class 31 
boys’ and 7 girls’ specimens; that is, the percentage of boys 
respectively in the most and least calligraphic classes was 
20.4% and 82.6%. Again, taking 1,011 papers representing 
the enrollment of two high schools (445 boys and 566 girls) 
and discarding 471 border line specimens, we find that of 299 
best specimens, 229 or 76.6% are by girls and of 241 worst 
specimens, 193 or 80% are by boys. 

It is evident that we have a sex factor to reckon with here. 


1The sex characteristics, whatever they may be, seem to be discov- 
erable to a certain extent below the adult age. The writer made a 
careful selection of 50 specimens written by high school pupils, with 
a view of testing the prominence of the difference between boys’ and 
girls’ writing; 28 of the specimens were representative, 22 ‘‘difficult.’’ 
Sixteen persons, teachers and students, submitted each to two tests 
on the set of papers. This made a total of 1,600 judgments; there 
were only 98 cases of contradiction and 37 cases of no decision. The 
number of errors was 599 or 37.4%. (The error by mere chance 
would have been 50%.) 482 or 80.5% of these errors were on the 
difficult specimens. The average time devoted to each paper on the 
first test was 12 seconds. Many of the reasons for the judgments, 
a after introspection, were laden with graphological connotations; 

ut others rested on empirical data such as “I have never in all my 
experience seen a boy make a G that way,’’ etc. The amount and 
character of the irregularities in the writing were often mentioned in 
the decision. 
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It would be difficult to think of any other school activity in 
which the influence of this factor comes out so strikingly. 
The usual tests of motor ability, sensory discrimination, etc., 
reveal only slight differences between boys and girls as a 
class. Speaking of men and women, Havelock Ellis says, 
‘*There are nearly always differences— but these differences 
are complex and manifold; they do not always agree; they 
never show any general piling up of the advantages upon the 
side of one sex or the other.’’ (9.) In the present case, how- 
ever, there seems to be distinctly such a piling up in favor of 
one sex. 

With the aid of a detailed analysis of the writing process it 
may be possible to understand the meaning of this sex differ- 
ence, and also the influence of the other factor of school intelli- 
gence. From the start it must be remembered that we are 
dealing with handwriting during its formative pericd, when 
the movements have not yet become fully automatic, and the 
accompanying conscious processes are different from those 
which exist with adults. According to Judd (13:243), 
“Writing, which is essentially a co-ordinated movement, has 
to be developed trial after trial, with consciousness directed 
not upon the movement itself, but on the visual images which 
appear as the results of the movement.’’ ‘There is no con- 
scious selection of the hand movement,’’ but rather, ‘‘it gradu- 
ally becomes incorporated without any conscious purpose or 
clear recognition into the total automatic form of movement.’’ 
‘*These facts,’’ he says, ‘‘make it difficult to attribute to the 
sensations of movement any important part in the building 
up of the writing habit or in the maintenance of correct forms 
of movement, after the habit has been developed. The various 
factors have been gradually added to each other by a process 
of organic fusion, not controlled by consciousness. These 
separate factors are each the result of many trials in which the 
guiding motives have been, first, the reproduction of visual 
forms, and second, the avoidance of difficult, cramped positions 
of the hand.’’ This statement should be taken in connection 
with Judd’s other statement, that the special character of the 
writing movement is ‘‘determined in the main by the influences 
that are brought into play during the years of practice, which 
are generally devoted to the acquisition of this art.’? Such an 
explanation of the facts reduces this motor function very 
largely to a mental rather than a physical basis, and makes 
more probable its correlation with some other function of a 
psychical order. To quote Judd again, ‘‘The individual varia- 
tions in writing are due to the way in which the visual factors 
and the factors of movement have been interrelated. If one 
insists on the constant and clear recognition of the visual 
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pattern he may ultimately conform the movements by a large 
amount of practice to his pattern.’?’ Throughout his whole 
analysis, Judd emphasizes the importance of these conscious 
factors. Success in penmanship, or accuracy in the writing 
movement, is made to depend upon the capacity and willingness 
to exercise visual control. The results of Scripture, Smith 
and Brown’s study ‘‘On the Education of Muscular Control 
and Power,’’ point in the same direction. From the outcome 
of 2,000 experiments they felt justified in the conclusions that 
‘‘steadiness of movement can be increased by practice,’’ and 
‘this training seems to be of a psychical rather than of a physi- 
cal order and to be principally in steadiness of attention.’’ 
(19:114.) Similarly, Hall says, ‘‘Exactness of movement is 
one of the chief products of skill and practice, and is probably 
more indicative of mental development... ..’’ (12:144.) 
Baldwin holds that ‘“The most adequate theory of the mechan- 
Fr of (motor) control makes it a function of attention.’’ 
2:115.) 

However dependent accuracy of movement may be on psy- 
chical factors, no one would be disposed to argue that hand- 
writing in any way stands for a high order of intelligence. 
This is shown by the fact that in cases of insanity where nearly 
all the mental activities have deteriorated, the writing response 
is sometimes the only coherent response that can be called 
forth. The specimens of the handwriting from imbeciles are, 
likewise, often indistinguishable from those of normal children, 
in the general appearance and finer co-ordinations of the script. 
Still it would be wrong to conclude that handwriting is possi- 
ble with even a very low degree of intelligence. Only imbe- 
ciles of high grade can ever hope to acquire the art, and Barr 
classes it as being more difficult than the use of the hammer 
and chisel. (3:163.) The slow and labored manner in which 
even high grade imbecile pupils do their writing must be taken 
into account, as also their great dependence upon a copy to 
which they can refer. They have considerable difficulties, for 
example, with complicated letters like {, The learning process 
makes a demand upon their consciousness, so that as one 
teacher told me, the appearance of writing in the lower grades 
is a hopeful indication of dawning intelligence. This teacher 
has also observed that when the imbecile ‘‘child first writes, 
his penmanship is at its best. When the mind is occupied with 
the expression of an idea, the writing frequently becomes care- 
less and inferior.’’ But when the mind is not so occupied 
feeble-minded children take a strange delight in the act of 
writing, which goes to show that its demands upon the atten- 
tion are not onerous. They beg to be allowed to write for 


q 
{ 
i 
i 
{ 


400 GESELL : 


‘‘busy work,’’ and are content to copy from their readers by 
the hour. 

Accuracy in writing, then, indicates a kind of intelligence, 
rather than a grade of intelligence. From the foregoing analy- 
sis of the writing movement we saw that the accompanying 
consciousness was a visual consciousness. In fact, the chief 
purpose of the writing lesson and the copy-book is to stimulate 
this visual control. The learning process is a ‘‘visual con- 
sciousness of the end;’’ and the relative accuracy of the boys’ 
and girls’ writing movements will depend upon their relative 
willingness and capacity to maintain such a visual conscious- 
ness. The decided majority of teachers report that the girls 
take to writing more readily than dothe boys. The number of 
girls reported as being painstaking in writing is almost twice 
the number of boys. The number of boys reported as careless 
in writing is over four times the number of girls. The number 
of boys reported as disliking writing is over six times the num- 
ber of girls. 

There is evidently a general difference in mental attitude 
which reveals itself in the accuracy ofthe writing. Miss Thomp- 
son in her extensive study of the mental traits of sex found 
among women, ‘‘a greater taste for working with the hands.’’ 
‘The greater prominence of the visual consciousness among 
women,’’ she also says, ‘‘is especially marked.’’ (21:166.) 
This is precisely the consciousness which affects accuracy of 
writing. Jastrow also found among the feminine traits revealed 
by his study of association, ‘‘an attention to the immediate 
surroundings, to the finished product, to the ornamental, the 
individual, the concrete.’’ (10:190.) The greater teachability 
and diligence of the female sex are often mentioned. Riccardi 
found upon the examination of several hundred school children 
of Modena and Bologna, that girls have a greater fondness for 
manual work. (10:202.) That is to say, girls are likely to have 
a greater interest in writing; and interest and attention are but 
two aspects of the same function. In the conflict between 
the visual consciousness and the kinesthetic and other sensa- 
tions, the girls attend more to the visual standards and hence 
are better writers. A comparison of many examples of the 
most rapid writing in high school boys and girls, shows 
greater abandon and less embarassment by visual guides in 
the former. The boys in general, having a milder interest in 
form and a more vigorous one in content, are much more in- 
clined to allow the visual patterns to lapse, in favor of kinzes- 
thetic sensational control, to the detriment of their writing. 
By this reasoning the sex differences in the accuracy of pen- 
manship are attributable to differences in mental attitude. 

But to reduce the whole writing activity to mental elements 
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would be to ignore some of the facts. Even Judd mentions 
the existence of ‘‘ inherited nervous structures,’’ which furnish 
a general basis for the writing habit. To what extent does 
this factor of physical structure influence accuracy of writing? 
The individual differences in size and proportions of the hand, 
have been shown to have but slight, if any, importance even in 
determining the general conformation of the script, and prob- 
ably have little effect upon accuracy of digital or manual 
movement. There are general differences between men and 
women in the length of the hand, index finger and thumb; 
but these likewise are too small to explain the sex differences 
in the accuracy of children’s writing. It is difficult, in any 
case, to determine when and to what extent clumsiness has per 
se a physical basis. Some of our data, however, are suggestive 
on this point. The teachers, it will be recalled, were asked in 
every case to give a careful judgment on the muscular dexter- 
ity of each pupil, designating whether Clever, Average, or 
Clumsy. They were also asked to state whether the pupil 
wrote with Zase, with only Moderate Ease, or with Effort. The 
returns on these points are very uniform. Handwriting seems, 
in all the grades, to be a fairly good index of the general 
muscular dexterity of the pupils as judged by the teachers. 
Only 13 out of 315 Best writers were otherwise clumsy; and 
ouly 18 out of 315 Worst writers were otherwise clever. (It is 
worth noticing incidentally that there isa marked tendency for 
this muscular dexterity to vary with mentalability. Ofthe 315 
pupils in Group J// only 17 were reported as clumsy, and of 315 
in Group IV only 23 were reported muscularly clever.) Of 
315 Best writers only 10 write with effort; of 315 Worst writers 
only 52 write with ease. These reports, although they repre- 
sent no more than the observations and estimates of the teach- 
ers, are too uniform to be disregarded.’ It would be begging 
the question to say that they indicate the existence of purely 
physical differences in nervous organization, but they point in 
that direction. Another fact which points in the same direc- 
tion, is that not infrequently pupils reported as painstaking in 
their writing are nevertheless inaccurate writers. Writing does 
not come with equal ease to all. I have inquired into a num- 
ber of such cases and have found what one would prefer to call 
physical explanations. Sometimes the poor writing has been 
described by teachers who have had other members of the fam- 


1It is obvious, of course, that such a uniformity was to be expected 
if the teachers in their judgments as to dexterity in general were un- 
consciously determined by skill in penmanship. How far this was the 
case it is impossible to say, though other forms of muscular activity 
were specially enumerated in the request for information. 
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ily under observation, as a family trait, which would naturally 
be interpreted as an inherited physical trait. 

The results of the investigation of Dr. Macmillan, of the 
Child Study Department, of the Chicago public school system, 
are apropos. After studying the spontaneous writing of many 
children, he came to the conclusion that ‘‘the slope in writing 
is more a matter of the child’s anatomical structure and mus- 
cular co-ordination than the individual caprice on the child’s 
part or instruction on the part of the school.’’ (15.) 

A close examination of our data reveals another group of 
facts which are suggestive along this line. Up to the fifth 
grade, the number of boys and girls in Group J is almost equally 
distributed for each grade, the total number of boys being 70 
and the total number of girls being 71,—practically no sex dif- 
ference at all in the accuracy of the writing. But at the fifth 
grade the figures take a sudden shift which is stable for the re- 
maining grades, the number of girls who write accurately being 
twice the number of boys. This shift is at the age of ten 
years, when the mental traits distinguishing the boys from the 
girls begin to be more pronounced; but this is also the age 
when the physical precocity of the girls over the boys takes its 
start, and the fact that this advantage continues up to the high 
school age, while the writing habit is being established may 
not be without important influence. At any rate the sex dif- 
ferences in writing become more marked after the fifth grade. 

The tendency toward inaccurate writing among the boys, 
however, is as pronounced in the first grade, as in all the suc- 
ceeding grades, which raises the question whether this tendency 
is not in part constitutional, structural. Sikorski, the author- 
ity on speech defects, found after examining some 10,000 
pupils that the proportion of left hand writers is almost twice 
as great for boys as for girls. He also found by comparing the 
copy books of boys and girls, that ataxic handwriting was 
from seven to eight times more prevalent with the former. 
(20:208.) He correlates these facts with the well known truth 
that boys are about three times more susceptible to speech de- 
fects than girls. This is a neurological susceptibility, that may 
extend over to the writing centre which stands in close rela- 
tionship to that of speech. It is not improbable that the in- 
veterate tendency of many boys toward inco-ordinated writing 
has a physical background. 

Havelock Ellis found stammering and other speech and voice 
defects and nervous derangements in general common among 
his British men of genius. He classes bad handwriting along 
with these defects and approvingly quotes Goodhart, who calls 
illegibility a disease. Says Ellis, *‘Illegible handwriting is 
mentioned in nine cases which certainly need to be increased. . . . 
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A tendency to scrawly or illegible handwriting has been fre- 
quently noted among men of genius of many countries, and is 
by no means due to too much writing, for it is often traceable 
at an early age.’’ (8:200.) 

All these facts point to possible physical differences, the full 
importance of which it is impossible to evaluate when it comes 
to correlating handwriting with other functions. So far as the 
results of this study go, they emphasize the prepotence of the 
psychical factors. The influence of differences in intelligence 
has been noticed, and making some allowance for differences 
in nervous organization, the influence of the sex factor may be 
safely attributed to differences in mental attitude. The fact 
that other studies have shown such slight differences between 
boys and girls in motor ability tests, and then in favor of the 
boys (1:193; 5: 123), gives weight to this view. 

In the end, it is difficult to decide between the primacy of 
the two factors of sex and school intelligence. In the writing 
of the high school period the former factor comes out strongly; 
but an examination of the standings of over 500 pupils shows 
the latter factor, while present, to be much weaker than in the 
grades. On the other hand, in the School for the Feeble- 
Minded where the sexes are segregated, the differences in school 
intelligence were alone important enough to influence the re- 
sults. Again, when we take, for example, the minority of 122 
boys’ specimens in Group J and classify them on the basis of 
the mental ability of the writers, there is a decisive piling up 
of the specimens in the best scholarship class. Likewise, we 
have already observed, that below the fifth grade, the distribu- 
tion of best specimens was almost equal between boys and girls. 
This fact, however, did not prevent in these grades a marked 
tendency of the best writing to accompany the higher school 
intelligence. Individual cases which do not fall under the 
general rule, and, indeed, often strikingly contradict it, are 
not wanting either in the high school or the grades. Accuracy 
in writing stands for a certain kind of intelligence, and what our 
results mean ts that for a large number of cases, this particular 
kind of intelligence is more prevalent in girls and in pupils above 
the average in school standing. 

One other result of the study remains to be mentioned. It 
has already been observed that painstaking qualities did not 
always produce accurate writing. In view of the common as- 
‘sertions about manual training, it is interesting to inquire 
further whether painstaking or careless qualities in a motor 
function like writing bespeak the same qualities in other school 
work. Sixty-five pupils (45 boys; 20 girls) were mentioned 
as careless in writing but painstaking otherwise; 42 pupils 
were reported as painstaking in writing and careless otherwise. 
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But these 107 cases, in the minds of the teachers reporting 
them and in the light of additional figures, are exceptional. 
In the 917 remaining reports, painstaking or careless qualities 
in writing bespoke similar qualities in general school work. 
That is, in 1,022 cases reported as clear instances, there is on 
this point a direct correlation of 90%. This correlation is so 
fundamental that it shows apparently no dependence on the 
three factors considered in this study: school intelligence, sex 
differences, and accuracy in writing. 


SUMMARY. 


1. For a large number of cases, accuracy in the handwriting 
of pupils of elementary grade tends to vary directly with 
school intelligence. 

2. From the fifth grade up through the high school, girls 
as a class write more accurately than boys. 

3. Boys as a class show a greater tendency toward inco- 
ordinated writing as early as the first grade and up through 
the high school. 

4. The sex differences in writing become marked about the 
age of ten, and are largely attributable to the mental factors. 

5. If handwriting is an index, painstaking or careless qual- 
ities in a motor function bespeak, in pupils of elementary grade, 
the same qualities in general school work. 
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THE EFFECT OF MUSIC ON THORACIC BREATHING. 


By Evucrenra Foster and E. A. McC. GAMBLE. 


With the assistance of L. J. Boynton, MAuDE Dewar, and 
H. S. WHEELER. 


(From the Psychology Laboratory of Wellesley College.) 


This brief report is an addendum to the paper on ‘‘Atten- 
tion and Thoracic Breathing’’ published in this Journal for 
July, 1905. The experiments here taken into account were 
made in the academic years 1903-1904 and 1904-1905 with 
the assistance of Dr. Hamilton C. Macdougall, head of the 
Wellesley College Department of Music. The purpose of the 
investigation was to find traces of any correlation which may 
exist between the emotional effects of different kinds of music 
and the varying features of respiration. Certain data fur- 
nished by the experiments of the first year have already been 
incorporated in the earlier paper. The attention and the 
music investigations necessarily overlap, since listening to 
music may be regarded not only as the possible condition of 
emotion but as involving a certain kind of attention. The 
music experiments of the first year constitute the third group 
of the attention experiments, and were, with the exception of 
the control experiments on the dog A., the last group to be 
made in that investigation. 

In the earlier paper the reader will find (1) an account of 
the apparatus employed in these first music experiments (pp. 
272-273) and (2) a discussion of the assumption on which the 
numerical results for different subjects were massed (pp. 274- 
275). Throughout the experiments of both investigations, 
virtually the same apparatus was used, rates of breathing 
were computed in the same manner, and the results of indi- 
vidual subjects were massed on the same principle. The two 
investigations diverge, however, in the method by which 
changes in the form as distinct from changes in the rate of 
breathing were estimated In the first year the determinations 
of form-changes were on various accounts very unsatisfactory. 
Some slight notice was taken of them in the earlier paper but 
they will be thrown out entirely here. 

In the second year one or more experimental sittings were 
entirely allotted to determining the average normal breathing- 
rate of each subject. (On this use of the word ‘‘normal,’’ see 
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p. 267 of the earlier paper.) The tracings thus obtained 
served as the primary standard of reference for determining the 
changes in the form of breathing (that is, in regularity, in 
amplitude, and in the length of the expiratory pause) which 
took place as the subject listened to music. In the latter half 
of this period a normal tracing was also taken at the beginning 
of each music-session to serve as a control upon changes in 
breathing due to alterations from day to day in the subject’s 
mood and physical condition. At best, even in the second 
year of the music experiments, the determinations of changes 
in form were a matter of very rough estimate, and it would 
be scarcely worth while to give the statistics if their testimony 
were not upon certain points so unequivocal. 

The subjects of the experiments, twenty-nine in number, 
were all young women, were all, with one exception, college stu- 
dents, and with two exceptions had no greater knowledge of 
music than is common in educated persons. Only four of the 
twenty-nine had had more than one year’s work in psychology. 
Only one knew the exact purpose of the experiment. Every 
experimental sitting was limited to three-quarters of an hour. 
The music was furnished by Dr. Macdougall and was played 
upon the organ of the college chapel, an instrument of three 
manuals and thirty-nine speaking stops. 

The problem of the investigation wastwo-fold. (1) Through- 
out the work the experimenters sought especially to discover 
differences in the effect of music in the major and in the minor 
keys. This variation in the stimulus was made not with any 
great expectation of finding such differences but in the hope 
that some other significant correlation might appear in the 
process of following the guiding-thread which came first to 
hand. (2) During the second year’s work the tracings were 
studied to determine also the differences in effect between loud 
and soft music. 

According to the music employed, the work falls into four 
periods. The results of each period can be most quickly 
understood if stated in close connection with the description 
of music used. For the sake of brevity, the discussion of 
results will be reserved till all are presented. The first three 
periods belong to the first year, and as noted above only 
changes in rate will here be discussed. 

During the first period, eight subjects served for two sittings 
each. The music consisted of hymn-tunes. These were 
(1) the familiar tunes ‘‘Vox Dilecti’’ and ‘‘St. Andrew of 
Crete’’ and (2) two tunes in less ordinary use, ‘‘Warren’’ and 
‘‘Nightfall.’’ In the first two tunes, there is a sharp transi- 


1See in the hymn-book ‘In Excelsis’’ (The Century Company), 
numbers 231, 606, 99, and Ioo. 
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tion from minor to major. Each of these two tunes was 
played three times over, once as mechanically as possible with 
the minor and major passages at the same rate, once mechan- 
ically but with the major faster than the minor, and once 
with as much contrast between the two passages as could be 
secured by alteration of stops, tempo, and nuance,—the minor 
plaintive or solemn and the major triumphant. ‘*Warren’”’ 
and ‘‘Nightfall’’ were, in general, played twice both in the 
major and in the minor keys and with such differences in stops 
and tempo as to make the major lively and the minor mourn- 
ful. A relief or relaxation-tracing (see page 273 of the earlier 
paper), not exceeding one minute in duration, was interpo- 
lated between two renderings of a melody and sometimes 
succeeded the last rendering. For this period the average 
normal breathing-rate was 16.7 inspirations per minute (there 
were 68 observations of about 3 minutes each, and the mean 
variation was 3.4); the average relief rate was 17.3 (obs. 69; 
M. V. 3.2); and the average rate for all the major passages 
was 18.9 (obs. 67; M. V. 3.8); and the average rate for all 
minor passages was 17.8 (obs. 65; M. V. 3.6). For all 
major passages mechanically played, except those in which 
the rate was noticeably faster than in the preceding minor, the 
average rate was 18.9 (obs. 23; M. V. 4.5); for the minors 
corresponding to these majors, the average rate was 17.8 
(obs. 19; M. V. 4.3); for all the ‘‘relatively fast but mechan- 
ical majors,’’ 19.3 (obs. 16; M. V. 4. 7); for all the ‘‘relatively 
slow but mechanical minors,’’ 17.4 (obs. 16; M. V. 3.8); for 
all ‘‘lively majors,’’ 18.6 (obs. 28; M. V. 3.4); for all ‘‘doleful 
minors,’’ 18.1 (obs. 30; M. V. 3.1). 

During the second period twelve subjects served for one or 
two sittings each. None of these individuals had served in 
the first period. The music consisted (1) of the choral in D 
major from Mendelssohn’s Organ Sonata V and (2) of the 
choral in D minor from Mendelssohn’s Organ Sonata VI. 
These chorals are severe in their style. Each was played 
mechanically five or six times for each subject. The same 
stops and tempo were used in both. First one was played 
two or three times, then the other, and soon. Relief tracings 
were interspersed among the music tracings as in Period I. 
The average normal breathing-rate for this period was 16.9 
inspirations per minute (there were 48 cases and the mean 
variation was 4.5); the average relief-rate was 16.8 (obs. 86; 
M. V. 3.3); the average rate forall major passages was 18.2 
(obs. 62; M. V. 3.6); and the average rate for all minor pas- 
sages was 16.8 (obs. 65; M. V. 3.0). 

During the third period of the experiment, six subjects 
served from three to six sessions each. All of these indi- 
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viduals had served during either the first or the second period. 
The music consisted of the following long compositions: 
(1) Gounod’s ‘‘Funeral March of the Marionettes,’’ (2) Rubin- 
stein’s ‘‘Torch-light Dance of the Brides of Cashmere,’’ (3) 
The Dead March in Handel’s ‘‘Saul,’’ (4) Congerin’s ‘‘Soeur 
Monique,’’ (5) Handel’s ‘‘Sarabande,’’ (6) Chopin’s ‘‘Pre- 
lude in D Flat’’ (7) the Allegretto from Mendelssohn’s ‘‘Hymn 
of Praise,’’ (8) Beethoven’s ‘‘Andante in F,’’ (9) the Adagio 
and March from Handel’s ‘‘Occasional Overture.’’ These 
pieces were used in order, as many with each subject as the 
time permitted. Each composition was, if necessary, cut, that 
it might occupy a time no longer than six minutes. Otherwise, 
it was played properly, and for all subjects, with the same 
registration and tempo, and so far as possible with the same 
variations in loudness. In general, each tracing which cor- 
responded to an unbroken major or to an unbroken minor 
passage represented one case or observation although the ‘‘pas- 
sage’’ might include the entire composition. In a few cases, 
however, the long tracings corresponding to the ‘‘Dead March’’ 
and to ‘‘Soeur Monique’” were treated fractionally. For 
this period, the average normal breathing rate was 18.3 
(obs. 76; M. V. 2.8); the average rate for all majors was 
18.3 (obs. 85; M. V. 5.0); and the average rate for all minors 
was 17.2 (obs. 70; M. V. 4.9). 

In the fourth and last period, which included the whole of 
the second year, ten subjects served, in general for five sittings 
each. Two of these sessions were occupied in obtaining rec- 
ords of normal breathing. Only one subject of the second 
year had served the year before. The music list was as 
follows: (1) Mendelssohn’s Overture to Ruy Blas,’’ (2) Schu- 
bert’s ‘‘Moment Musicale,’’ (3) Beethoven’s ‘‘Slow Move- 
ment for the 7th Symphony,’’ (4) Morandi’s ‘‘Bell Rondo,’’ 
(5) Guilmant’s ‘‘Organ Sonata No. 2,’’ (6) d’Evry’s ‘‘Medi- 
tation,’’ (7) Handel’s overture to the ‘‘Occasional Oratorio,’’ 
(8) (9) (10) Boéllman’s ‘Suite Gothique,’’ rst, 2nd, 3rd 
movements, and finale, (11) Tschaikowsky’s ‘‘Sweet Reverie,’’ 
(12) Silas’s ‘‘Organ Fantasie in D Minor,’’ (13) Bennett’s 
‘‘Barcarolle,’’ (14) Gounod’s ‘‘Marche Militaire,’’ (15) Spin- 
ney’s ‘‘Berceuse,’’ (16) Batiste’s ‘‘St. Cecelia Offertoire in 
D Minor,’’ (17) Suppe’s ‘‘Overture to Poet and Peasant,’’ 
(18) Chopin’s *‘Prelude in D Flat Major.’’ The principle of 
selection differed in the music of the third and fourth periods. 
The former had been chosen to present a large variety of 
major and minor passages; the latter was chosen to present the 
utmost variety of general esthetic effect. ach piece was 
played in full and with feeling and, so far as possible, in the 
same manner for different subjects. The whole list was not, 
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however, used with all the different subjects. Three individ- 
uals heard the first fifteen pieces in order, but numbers 3, 4, 
6, 7, 8, 9, 10, and 12 were soon dropped, as on various accounts 
unsuitable, and numbers 16, 17, and 18 added in their stead. 

The experimenters committed two inadvertences in comput- 
ing the breathing-rates for this period. The value of the 
experiment, however, does not justify working over the pneu- 
mograph tracings a second time. In the first place, the long 
records of normal breathing, which represented more than 
three-quarters of an hour, were not treated fractionally; on 
the contrary the total number of inspirations in these records 
was divided by the total number ofseconds. Ofcourse, normal 
rates so obtained cannot properly be compared with the normal 
rates of the first three periods since these were obtained from 
tracings not more than three and a third minutes long. In 
the second place, all the tracings for any one subject which 
corresponded to one given kind of music-stimulus (loud major, 
soft minor, or what not) in any one musical composition were 
treated together in series,—z. ¢., the total number of inspira- 
tions was counted and divided by the total number of seconds. 
Thus each observation of a stimulus rate represents in Period 
4 the total rate for that variety of passage (for all loud majors, 
for instance) for one subject in one whole composition. On 
the other hand, in Period 3 each observation of a stimulus- 
rate represents a single passage of the varieties of music to be 
compared (major and minor). So, also, even in this same 
Period 4 now under discussion, each observation of a form- 
change answers to a single passage of loud or soft major or 
minor music, although each observation of a breathing-rate 
answers, as just noted, to a series of such passages. 

For this fourth period the average normal breathing-rate 
as computed from the short (three minute) normal tracings 
was 18.7 (observations, 12; M. V. 3.5); the average normal 


tate as computed from the long tracings (which often represent | 


a condition bordering on drowsiness) was 16.3 (obs. 12; M. V. 
3-4); the average rate for all loud major passages was 21.8 
(obs. 59; M. V. 3.9); for all soft major passages, 20.8 (obs. 81; 
M. V. 3.5); for all loud minors, 21.9 (obs. 42; M. V. 3.8); 
for all soft minors, 21.2 (obs. 57; M. V. 3.8); for all majors, 
21.3 (obs. 140; M. V. 3.6) for all minors, 21.5 (obs. 99; M. V. 
3.8); for all loud passages, 21.9 (obs. 101; M. V. 3.9); for all 
soft passages, 20.9 (obs. 138; M. V. 3.6). 

The changes in the form of breathing observed during this 
period are summarized in the following table which is mod- 
eled after Table I of the earlier paper.’ 


1In this table the word “‘revery’’ was inadvertantly omitted in the 
second column opposite the seventh line of figures. 
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TABLE 


Showing changes in the form of breathing when listening to Loud and 
Soft Music in the Major and Minor Keys. 


Changes in regularity of Changes in amount of 
cnn Amplitude. Expiratory Pause. Amplitude. Expiratory Pause. 
obser- 


Increase.|Decrease.| Increase.|Decrease.| Increase.|Decrease.| Increase./Decrease. 
ions. 


Cases % | Cases% | Cases% | Cases% | Cases% | Cases% | Cases% | Cases% 


| 151 34-4 37-1 15.1 32-9 8.3 70.6 13-4 69.0 


Maior.| 152 38.2 32.2 13-0 27.8 10.2 75:8 16.2 66.2 


64 37-5 45-3 12.9 35-5 16.1 71-4 10.9 67.3 


Minor.| 92 47-8 23-9 26.4 12.6 2.3 74-4 15-9 55-7 


All the numerical results have now been presented. Before 
attempting to draw conclusions from them, it is necessary to 
note the introspective testimony of the subjects. In the fourth 
period, each subject was asked after every piece of music 
whether she had listened; if so, whether she had liked the 
music ; and if she had not listened, what she had thought 
about. The same questions were asked less systematically in 
the third period. The replies showed that the subjects, on 
the average, paid fair attention and derived mild entertain- 
ment. On the whole, however, this attempt to secure zesthetic 
emotion under laboratory conditions appeared to fail flatly. 
In some very few cases, the subjects were ‘‘actively’’ engaged 
in trying to recall the name of the composition. i 

The following conclusions may be drawn from the numerical 
and introspective data now in hand: In the first place, it is 
evident from the table and from the rate-averages, that listen- 
ing to music, loud or soft, major or minor, tends to shorten the 
expiratory pause and to make the breathing faster and shal- 
lower. These are effects characteristic of non-emotional men- 
tal ‘‘application.’’ 

In the second place, it is clear that the music-stimuli did not 
show any well marked tendency to make the breathing either 
more or less regular than the normal. The number of cases 
in which each change occurred fell short of fifty per cent. with 
every class of stimuli included in the table. 

In the third place, no remarkable difference appears in the 
effect of either loud and soft or of major and minor music. 
Such slight and possibly accidental differences as do appear 
will be pointed out in detail. They are as follows: (1) The 
loud music had more effect than the soft (a) in shortening the 
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expiratory pause and (b) in accelerating the breathing. See 
(a) the table of form changes and (b) the rate-averages for 
Period 4. (2) The loud music had more effect than the soft 
in making the breathing shallower. See the table. (3) The 
loud music, if it affected the regularity at all, tended to decrease 
it. The soft minor music, if it had any effect on regularity, 
tended to increase it. The soft major music tended to increase 
rather than to decrease the regularity of the amplitude and to 
decrease rather than to increase the regularity of the expira- 
tory pause. See the table. (4) The music in the major key 
had more effect upon the length of the pause than had the 
music in the minor key, not only shortening it but lengthening 
it ina greater number of cases. See thetable- (5) The major 
passages had more effect in accelerating the breathing than 
had the minor passages. See the rate-averages for Periods 1, 
2,and 3. The slight excess of the average for minors over 
the average for majors in Period 4 is doubtless due to the fact 
that the majors lengthened the expiratory pause in a signifi- 
cant minority of cases. On the other hand, the averages for 
minors in Periods 2 and 3 constitute exceptions (the latter a 
serious exception) to the accelerating effect of majors in 
general.’ 

The results thus summarized may perhaps be interpreted in 
the following fashion: It is clear that in listening to music the 
breathing tended to assume two of the features characteristic 
of mental application, namely, rapidity and shallowness, but 
did not tend to assume the third, namely, regularity. The 
explanation seems to be that the music, and especially the loud 
music, had sufficient intrinsic or ‘‘primary’’ value for atten- 
tion to raise it to a fairly high level but not to keep it steady 
at that level. That is to say, the music attracted attention 


1 The results of the first three periods have been divided into cases 
of ‘“‘slow’’ and of ‘‘rapid’’ breathing according to the average normal 
breathing-rate of the subjects from whom they were obtained. It has 
been found that in the case of rapid breathing, the average rate for all 
musical stimuli, taken together, fell slightly below the normal rate, 
whereas the average stimulus-rate for slow breathing rose slightly 
above the normal. (See page 291 of the earlier paper.) This showing 
accords with the general conclusion of the earlier paper that when 
the level of attention rises, the rate of breathing which has been 
faster than the average normal is much less accelerated than is the 
rate of slow breathing and may even be retarded. (See pp. 275 and 
291.) It has not seemed worth while in the detailed interpretation 
of the music results to maintain this division into cases of slow and 
of rapid breathing. On the one hand, the mean variation in the nor- 
mal rates of individual subjects is very large (see page 274 of the first 
paper), and on the other hand, without reference to individuals, the 

ivision in question cannot be made in this class of experiments 
because every stimulus-tracing has not a normal tracing of its own. 


(C&. page 289 of the first paper.) 
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without steadily absorbing it, so as to blur the consciousuess 
of surroundings or to inhibit suggested trains of thought.’ 
The irregularity of breathing is thus to be interpreted as the 
symptom of revery. (See page 282 ofthe earlier paper and 
its quotation from Mosso.) It certainly was not sufficiently 
marked to indicate emotional disturbance. In the case of the 
loud passages, to be sure, the greater tendency toward irregu- 
larity and smaller tendency toward shallowness hint at occa- 
sional organic disturbance. This disturbance or ‘‘shock’’ is, 
however, sufficiently explained by the mere sensational inten- 
sity of the stimuli. It should be noted that the cases of irregu- 
larity cannot be explained by variations in rhythm or loudness 
during the course of a given stimulus. This theory will not 
serve because each observation of irregularity corresponds to 
a natural division in the music, a passage of fairly homogeneous 
character as to loudness, rhythm, and so on. To reiterate, 
the interpretation offered is that the breathing became more 
rapid and more shallow than the normal breathing because the 
level of attention rose, but did not become more regular 
because the stability of dttention did not correspondingly 
increase. 

One may now turn to the difference in effect between major 
and minor passages. ‘The fact that the major passages acceler- 
ated the breathing more than did the minor passages may be 
explained, at least in part, by differences in the absolute time- 
rate at which the two were played and by differences in asso- 
ciations, verbal or non-verbal. This is the obvious interpreta- 
tion of the breathing-rate averages of the first period. The 
difference between the effects of the slow minors and fast 
majors is especially noteworthy. But in the familiar hymn- 
tunes ‘‘Vox Dilecti’’ and ‘‘St. Andrew,’’ even when both the 
major and minor passages were played mechanically and at 
the same rate, the major had the greater accelerating effect. 
This is doubtless to be explained by such verbal associations with 
the majors as ‘‘My thirst was quenched, my soul revived,’ 
and ‘‘Christian, up and smite them!’’ In the second period, 
that of the two chorals, the subjects probably paid less atten- 
tion to the minor than to the major which was more familiar. 
By their own testimony, they were little impressed by either. 
Hence, perhaps, the anomalous result for the minor choral 


1It will be remembered that Binet and Courtier found irregularity 
of breathing in somewhat similar experiments upon a single subject. 
These experimenters attributed it to ‘‘le développment des idées et 
des sentiments qui trouble la respiration, tout en tenant compte des 
effets spéciaux dus 4 la mélodie et & l’harmonie.”” (L’Année Psy- 
chologique, pp. 114-115.) In the present experiments, it is probable 
that full-bodied emotions were much less numerous than wandering 
trains of thought. 
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which, on the average, failed to accelerate the breathing at all. 
In the third and fourth periods, verbal associations were ruled 
out and the major passages were not more familiar than the 
minor. No data exist, however, for determining whether 
the difference in effect may or may not be explained by differ- 
ences in tempo, in rhythm or in registration. As noted above, 
each major or minor passage was played once for each subject, 
and in the same manner for all subjects; variations in rate, 
rhythm and stops were not made in the playing of the same 
piece. In short, some slight essential difference in the effect 
of major and minor passages is neither proved nor disproved 
by this investigation. 

The present study of the effect of music upon breathing has 
scarcely broken ground and has been suspended as requiring 
too prolonged and laborious co-operation on the part of an 
expert musician. It is, none the less, the opinion of the 
experimenters that a systematic numerical study might profit- 
ably be made of the changes produced in the rate and rhythm 
of breathing by variations in the rate and rhythm of music. 
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Psychology: An Introductory Study of the Structure and Function of 
Human Consciousness, by JAMES ROWLAND ANGELL. Heury 
Holt & Co., New York, 1904. pp. vii, 402. 

The prompt and generous welcome already accorded Professor 
Angell’s book, both by psychologists and teachers of psychology, 
removes the necessity for a review, in the primary sense of the term. 
The writer will therefore pass at once to matters of appreciation and 
criticism. 

The Psychology gives evidence of two broad lines of influence, one 
of which, at least, all writers on general psychology since the eighties 
have felt as a constant inspiration pod have acknowledged as a 
common debt. The first influence derives from the earlier writings 
of William James, and the second may be traced to the widespread 
tendency to apply to psychological problems the principles and the 
methods of organic evolution. The two influences are, by no means, 
entirely distinct; for Zhe Principles of Psychology reveals a keen 
and irrepressible interest in physiology, and it tends, moreover, con- 
stantly to view the human mind in the light of the needs and func- 
tions, past and present, of the animal organism. The more specific 
attempt, however, to rewrite psychology in terms of biology may be 
traced toa protestant movement, both within and without psychology, 
which has -been particularly active in the last decade. As the first 
general result of this movement, Angell’s Psychology bears a special 
significance. 

The author’s standpoint and its distinction from physiological psy- 
chology are plainly set forth in the following passages taken from 
the introductory chapter. ‘Psychology takes for itself a certain defi- 
nite domain, 7. ¢., consciousness as a life process.’’ ‘‘In our study of 
mental processes we shall adopt the biological point of view just now 
dominant in psychology, and regard consciousness... . as one 
among many manifestations of organic life, to be understood properly 
only when regarded in connection with life phenomena.’’ ‘‘Our 
adoption of the biological point of view . ... will mean not only 
that we shall study consciousness in connection with physiological 
processes wherever possible, but it will also mean that we shall regard 
all the operations of consciousness .... as so many expressions of 
organic adaptations to our environment. ... To the biologist an 
organism represents a device for executing movements in response to 
the stimulations and demands of the environment.’’ ‘‘Mind seems to 
be the master device by means of which these adaptive operations of 
organic life may be made most perfect. We shall consequently 
attempt to see in what particulars the various features of conscious- 
ness contribute to this adaptive process.’’ 

The two kinds of psychology, structural and functional, are now 
but the author’s assertion that ‘‘psychologists 

ave hitherto devoted the larger part of their energy to investigating 
the structure of the mind,’’ will come as something of a shock,—espe- 
cially to those psychologists who have looked in vain through the 
history of the science for a consistent and systematic account of con- 
sciousness from the ‘structural’ point of view. It should be said, 
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however, that the author seems to take the term not in the more 
usual sense of James’s original distinction between structure and 
function (Mind, O. S., IX, 18-19; Prin. I, 478), but, negatively, as 
any aspect of mind not included under organic function. 

It is a curious fact that psychology has resisted, so far as it has, the 
allurements of organic evolution. Ethics, sociology, anthropology, 
and even the history of religion, seem to have been more profoundly 
modified by the ‘biological method.’ Certain writers—notably Eng- 
lish and, to some extent, French psychologists—and isolated prob- 
lems, such as the nature of emotion and of space-perception, have, it 
is true, strongly felt the influence; but a concerted movement in the 
direction of biological interpretation of the adult human conscious- 
ness has only recently been organized. This movement must, of 
course, not be confounded with ‘genetic’ psychology of the ordinar 
type. Ever since Darwin, the developmental psychology of the child, 
of animal forms, and of the race at large, has had a steady following; 
but, until recently, no one except Herbert Spencer has, so far as I 
recall, succeeded in writing a general account of the typical human 
mind in terms of current biology. Spencer’s Principles was ably and 
skillfully done, and it has, without doubt, exerted a strong influence 
upon popular thinking; but we must remember that it was done over 
fifty years ago and that it therefore escaped the vast burden of facts 
that is laid upon more recent writers of psychological text-books and 
treatises. 

The fundamental question is, what does the ‘biological point of 
view’ yield for psychology? It may, without hesitation, be conceded 
that the point of view furnishes a short-cut to ‘human values,’ and, 
therefore, to the various fields of psychological application. Mind 
is, for the biologist, an ‘activity,’ and it is, as Angell says, “‘mental 
activity, rather than mental structure, which has immediate signifi- 
cance for thought and conduct.’’ More than this, it is a subject of 
common remark that various dependent sciences and arts have grown 
weary while waiting to share in the benefits of psychological research. 
In some instances they may be said to have waited on the strength of 
promises, overt or implied, in other cases sheer want seems to have 
counseled patience, while again, the psychologist’s confidence in his 
own methods and his distrust in the practical utility of older systems 
may also have served to maintain high expectations; but, on the 
other hand, it must not be forgotten that hasty and rash applications, 
gross ignorance of method, and an underestimation of the complexity 
and the subtlety of mind have, in the hands of ‘practical’ persons, 

layed their large part in deferring and in deteating hope. Let the 

ault fall where it may, great expectations there were that have not 

been fulfilled. The result is natural. ‘‘ Patience is a composing but 
lean diétary,”’ and it seems, in the present case, likely to be exchanged 
for what at least promises to offer a more substantial ration. 

How far psychology should look outside and beyond itself, for ends 
and motives, is difficult to decide. It is impossible for any science to 
strike a steady balance between self-love and benevolence. The his- 
tory of organized knowledge shows a constant interplay of the two 
springs of action. The world's needs have, in turn, fostered, and been 
fostered by ‘pure science.’’ Purity’ itself has meant both productive- 
ness and sterility, germinative power and seediness, academic breadth 
and cloistered formalism. Training, method and undivided purpose 
are of greater importance than the end. As Herbart somewhere puts 
it: ‘“‘Geduld und frischer Muth ist die Hauptsache.” 

Whatever its achievements for thought and conduct, the biological 
point of view in psychology is to be criticised on the score both of 
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precision and of method. What it gains in the solution of practical 
and specifically human problems, it loses in its disregard for carefully 
collected facts. 

The psychological research of the last twenty years is, for example, 
in the work under discussion, mentioned with striking infrequency. 
Experimental work, in particular, is almost wholly lacking. This is 
explained, perhaps, by the fact that the psychology of ‘mental activ- 
ity’ regards ‘experimental psychology,’ not as a method, to be used 
wherever possible in careful observation, but as a co-ordinate branch 
of the science,—a branch which may, therefore, be largely neglected 
in a general ‘introductory study of human consciousness.’ 

In place of concrete experimental data, the method discusses the 
‘nature,’ the ‘salient characteristics,’ the ‘distinguishable features,’ 
the ‘phases’ of mental experiences or mental ‘operations,’ supple- 
menting its discussion of these ‘more important elements’ of con- 
sciousness by tracing ‘‘the genesis and function of the process in the 
individual or the race.’’! Thus sections are devoted to the definition, 
the analysis, the genesis, the development and the general function 
of perception, to the definition, the analysis, the genesis and function 
of imagination, etc. The most characteristic part of the treatment is 
the more specifically ‘functional’ part. But the functions are de- 
scribed in quite general and, for the most part, superficial terms. 
They seem, to the present writer, to have a popular (or at most a bio- 
logical) rather than a psychological value. I give illustrations. ‘‘The 
first and basic function of perception, then, isto afford us our primary 
knowledge of a world of objects amid which we have to live.’”” ‘The 
function of sensation is to furnish us with the elementary symbols of 
the various things in the world about us....’’ The ‘acts’ involved in 
emotion and instinct are or were ‘means toward the realization of some 
end,’ and attention is a discriminating and combining faculty that per- 
forms the ‘actual work of accommodation’ in the adjustments of the 
organism. Similarly, the genetic references are, as a rule, vague or 
general; they are made, e. g., to ‘the new-born babe,’ or ‘the outset of 
life,’ or ‘the young child,’ or ‘the infant consciousness,’ to the ‘animal 
consciousness’ or to ‘racial experiences.’ If genetic psychology is to 
furnish the pattern for general psychology, surely the best and the 
most accurate genetic psychology is none too good! A science may 
well hesitate to adopt a method which comes to its chief issue in 
naive generalizations partly common to all psychologies and partly 
borrowed from a neighboring science.? 

The primary difficulties of the method aretwo. First, the method 
involves a contradiction. It assumes that mind is an evolutionary 
agent, that, ‘consciousness tends to appear where the reflex and he- 
reditary responses of the organism are inadequate to cope with the 
demands of the environment;’ that ‘consciousness is a systematizing, 
unifying activity;’ that mind is ‘an engine for accomplishing the 
most remarkable adjustments of the organism to its life conditions.’ 
At the same time, the method warns us against believing that, in one 
form of nervous action, ‘the mind suddenly produces changes in the 
nerves’ (sic), while, in another form, it does not; and the reader is 
told most positively that to say: ‘‘the mind might in a wholly unique 
manner step in and bring about changes in the action of the nervous 
system” is but to use metaphor. Now consciousness is either a cause 


1It should be pointed out that the terms ‘process’ and ‘element’ are used in the 
book in a quite untechnical sense. _ 
2An alternative mode of introducing evolutionary arguments and conclusions, into 
psychology, is by way of illustration and corollary. Sully, ¢. g., considers, in fine 
rint and foot-note, the biological interpretation of attention, action and feeling. 
J. Sully: Zhe Human Mind, 1892, 1, 78; 11, 203.) 
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(as natural science uses the term), or it is not. If it is, it needs no 
apology; if it is not, it Aas no ‘biological function,’and its use as a 
cloak to cover the biologist’s ignorance of evolutionary processes is 
unjustified. Functions mind may still have, but not of the biological 


sort. 

Secondly, the method gives no systematic account of its functions. 
Consciousness, it affirms, is full of ‘acts’ and ‘activities;’ but it fails 
to organize these. Attention is, to be sure, an ‘organizing activity,’ 
engaged in the ‘double process of pulling apart and putting together ;’ 
but interest, also, ‘represents the spontaneous, dynamic side of our 
psychical make-up;’ and, again, the self is ‘the knower annealing 
the various elements of our experiments into some sort of unity,’ 
while ‘ will’ is ‘the whole mind active.’ What, now, are the interre- 
lations of all these sovereign powers? and how are attention, interest, 
and the rest, related to such functions as perception, reasoning and 
imagination, and also to ¢heir functions? Some principle of classifi- 
cation and subordination there must be in a psychology which treats 
consciousness as organic; something better, I mean, than the tradi- 
tional knowing, feeling and willing, or the ‘three ultimate modes of 
being conscious of an object.’ Is it to be found in the work which 
consciousness does? in the objects with which it has to do? or in the 
natural history of the developing mind itself? Surely, a definitive 
account of mental functions and their genesis cannot be given without 
sone principle which shall insure organic coherence and organic unity 
to the multitudinous ‘activities’ that mind reveals. 

I have already referred to the wide welcome which Professor Angell’s 
text-book has received. This welcome is sufficient evidence, not only 
that a book of the character was needed, but also that the author has 
been successful in his attempt to satisfy the need. Its sanctions for 
success are not hard to find. Its author is both psychologist and 
teacher; it is well and attractively written; it fills a place not other- 
wise filled in the literature, aud it appeals to a dominant interest in 
the student of life and of human nature. Where I have criticised it 
has been criticism of standpoint and of method. I have only praise 
for the clear, straightforward and sincere development of the doctrine 


of consciousness considered as a phenomenon of life. 
I. MADISON BENTLEY. 


Dictionary of Philosophy and Psychology, written by many hands and 
edited by James Mark Baldwin. Vol.3. Bibliography of Philos- 
ophy, Psychology and Cognate Subjects, compiled by Benjamin 
Rand. The Macmillan Co., New York; Macmillan & Co., Lon- 
don. Intwo parts. 1905. Price $10. pp. xxv, 542; vii, 543-1192. 

The long-awaited ere which forms the third and conclud- 
ing volume of Baldwin’s Dictionary appears in two parts, bound uni- 
formly with the first two volumes, eee them in bulk (1192 
as against 1536 pp.), and costing together as much as they cost at the 
date of their first issue. A Prefatory Note by the general editor states 
that the bibliographical lists extend to 1902. The compiler’s Preface 
indicates the sources, aims and scope of the work. 

‘‘The book as a whole is entitled a ‘ Bibliography of Philosophy,’”’ 
—so the compiler begins, in opposition to his title-page, — “‘ and it 
will be found to comprise a series of bibliographies, including the 
History of Philosophy, Systematic Philosophy, Logic, Aisthetics, 
Philosophy of Religion, Ethics and Psychology.’’ ‘‘Between the 
methods of a complete compilation and of a descriptive commentary 
of philosophical works a golden mean has been sought. On the one 
hand the bibliography, though not exhaustive, aims to be comprehen- 
sive in its scope. From nning to end the endeavor has n to 
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preserve in the amount of material as governed by a work of the pres- 
ent size the relative importance of authors and subjects. On the other 
hand the absence in the bibliography of explanatory comment on 
books has been compensated for, it is hoped, by the numerous refer- 
ences to important critical reviews of them by specialists.” ‘‘Readi- 
ness of use, especially for the uninitiated, is an essential in a bibliog- 
raphy. For this reason the philosophers . . . have here been 
brought together in a single alphabetical order. Likewise in the vari- 
ous systematic bibliographies the authors under the systems and 
special topics, as well as these topics themselves, will be found in 
alphabetical arrangement.’’ The work contains the titles of ‘‘ possi- 
bly sixty thousand or more volumes and articles.’ 

One can have nothing but sincere admiration for the pluck and de- 
termination with which the compiler has carried through his stupen- 
dous task. He has carried it through, apparently, without clerical 
assistance, without financial support, and practically without expert 
advice. ‘‘More than a decade”’ of ‘‘single-handed and self-supported 
endeavor’’ has been spent upon it; ‘‘the entire work has been accom- 
plished in the Harvard University Library,” the courtesy of whose 
officers is acknowledged in a foot-note; and the same foot-note limits 
the expert aid to ‘‘suggestions on classification received from Profes- 
sors J. Royce and H. Miinsterberg, and linguistic corrections from 
Professor L. Wiener.’”’ Truly, a stupendous task,—and a task whose 
reliable performance must be of inestimable benefit to students of 
philosophy and psychology. I know, only too well, the amount of 
time and trouble required for the making of even a very minor bibliog- 
raphy; and, looking at these two volumes, I am inclined to withhold 
every word of criticism, and simply to express appreciation of Dr. 
Rand’s achievement. 

Nevertheless, criticism must be called to its work; for the bibliog- 
raphy is to be used. In the following notes I have confined myself 
almost entirely to Bibliography G, Psychology, the concluding section 
of the whole: it is only for this section that I can claim competence.! 
This restriction is, however, the less important since the compiler 
declares that ‘‘a bibliography is a growth, and in fullness of detail 
and in accuracy this work will be found to improve as it advances.”’ 
We may, therefore, fairly take the final lists as a sample of the work 
at large. 

What are Dr. Rand’s canons? ‘‘The names of philosophers are 
printed in full and in the language of the country to which they be- 
longed”’ (sic). I turn to Wundt (535), and I find ‘‘Wundt, Wil- 
helm.’’ Again: ‘‘ The titles of books are printed in full inthe language 
in which they first appeared.’’ Did, then, Berkeley publish in 1709 a 
work entitled ‘‘ Theory of Vision ’’ (120,926)? Did he publish in 1710 
“Treatise on the Principles of Human Knowledge’’ (120) or ‘‘A 
Treatise concerning the Principles of Human Knowledge’”’ (926)? Did 
Bonnet write an ‘“‘ Essai de psychologie’’ (128) or an ‘‘ Essai de psy- 
chologie, ou considérations sur les opérations de l’A4me’’ (927)? Did 
Darwin write a work entitied ‘‘ The Origin of the Species’’ (929)? I 
had thought it was ‘‘On the Origin of Species by means of Natural 
Selection, or the Preservation of Favored Races in the Struggle for 


1 There is, in the make-up of Pt. i, a blemish so obvious that one is astonished to 
find it poe tow | the notice of compiler, general editor, and printers. It is the ab- 
sence of indication, in the headlines, of the particular philosopher under review or 
of the letter of the alphabet with which his name begins. The pages are headed, 
simply, ‘History of Philosophy’’—‘ Philosophers.” Suppose, then, that one is 
looking up, say, Cicero. One guesses at the place of the C’s, and opens the book. 
Having opened it, ome may have to turn over several pages before one finds the 
name of any philosopher. Having found some one, C or not-C, one has to turn back 
or forth until Cicero appears. Could anything be more awkward? 
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Life.” I had thought, also, that the work here described as ‘“‘ The 
Descent of Man’’ (929) was published under the title ‘‘ The Descent of 
Man, and Selection in Relation to Sex.’’ Locke, so far as I know, did 
not publish ‘‘ An Essay concerning the Human Understanding ’”’ (939). 
But, indeed, the compiler takes no thought of articles, whether they 
shall be retained or whether they shall be omitted. Baldwin is ac- 
credited with a ‘‘ Mental Development in the Child and Race”’ (925: 
here the elision of an article has carried with it the omission of 
‘‘Methods and Processes’). The work which Hume published in 
1748 was called ‘‘ Philosophical Essays concerning Human Under- 
tanding,’’ not ‘‘ Inquiry concerning Human Understanding ”’ (935: ¢/. 
271). James, in 1892, published a ‘‘ Text-book of Psychology,” not a 
‘Psychology (936). Paulhan, knowing something of French, did 
not write a book entitled ‘‘ Les intellectuelles types” (pat ), but rather 
“‘Les types intellectuels. Esprits logiques et esprits faux.’’ And so 
on. 

I pass to mistakes of another sort. Brentano’s Psychologie (927) 
should have been given as Vol. I. Cousin’s Elements of Psychology 
is said in one place (929) to have been translated by C. S. Henry in 
1824; in another (159), to have been translated by C. G. Henry in 
1834. Destutt de Tracy is misspelled as Tracey on p. 930. Here his 
Eléments is said to have appeared first in Italian, 1817-1819, and to 
have come out in French in 1825-1827; p. 180 tells us that the date of 
the first French edition is [18q1]-1818, and that of the second 1824-5, 
while nothing is said of the Italian; p. 837 dates the two first (and 
French) editions 1817-18, 1824-25. On p. 927 van Biervliet’s initials 
are given as J. I. instead of J. J. Elsenhars (931) should be Elsen- 
hans. Ebbinghaus’ Psychologie, i, is said (931) to have 194 pp. in the 
first edition ; it has 694. Jodl’s Psychologie of 1896 is said (936) to 
have appeared in two volumes. Lindner’s Empirical Psychology was 
translated by C. de Garmo, not by A. J. de Garno (939). I did not, in 
1891, speak of Professor Miinsterberg as Dr. H. v. Miinsterberg (941). 
Professor Karl Pearson figures on p. 942 as Pierson. Sully’s Human 
Mind has two vols., not one (947); and the 5or pp. belong to the first 
vol. Dr. Aars is not named Aars-Kristian (950). Helmholtz’ initials 
are H. L. F., not H. (955). Helmholtz did not write a Handbuch der 
Physiologie, Bd. iii, Th). i, 1879; nor does the corresponding portion 
of Hermann’s Handbuch say anything about hearing (1145). The 
Lipps who did mot write a Grundthatsachen (but a Grundtatsachen ) 
des Seelenlebens is also innocent of the Untersuchungen iiber die 
Grundlagen der Mathematik, ascribed to him on p. 1180. And so on, 
again. 

a shall not, I hope, be accused of egotism if I allude to Dr. Rand’s 
treatment of my own publications. If they are worth cataloguing at 
all, they are worth cataloguing accurately. The translation of 
Wundt’s Vorlesungen is not mentioned on p. 535; in the Addenda et 
Corrigenda it is given under the date 1905. It appeared in 1894. On 
p. 963 I am said to have published a physiological vocabulary. On p. 
914 my Primer is dated back from 1898 to 1892. I do not find that any 
translation of my books is mentioned, though (according to the Pre- 
face) ‘‘of the modern translations, English, German, French and 
Italian are regularly given, owing to their greater accessibility: other 
languages are, nevertheless, largely included.’’ My initials are given, 
p. 963, as L. B. On the same page, I am reported as publishing, in 
1901, an Experimental Psychology of 200 pp. In reality, I perpetrated 
in that year two volumes, with a much longer title, the one of 214, 
the other of 456 pp. ‘‘ Dreams of Tasting” (1039) is not the title of 
a little paper which I published in 1895. My Ouxéline did not reach a 
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twelfth edition in the year after its first appearance (1136). Perhaps 
in order to compensate for all these sins of omission and commission, 
the compiler ascribes to me (1183) a work entitled The New Psychol- 
ogy, and published in 1897. I did not write it. 

That a good deal of the above criticism refers to trivial points I shall 
not attempt todeny. What I affirm is that there are too many lapses 
of the sort specified. ‘‘In addition to the task of compilation,’”’ Dr. 
Rand informs us, ‘‘much labor has been expended upon the work of 
verification.’? And again: ‘‘During the past three years the author 
has given almost exclusive attention to the task of verification.’’ Such 
attention ought, one would think, to have eliminated even printer’s 
errors of the more glaring sort; it should at least have eliminated 
most of the bibliographical mistakes that I have pointed out. And 
these are but a tithe of the mistakes that I have noted. 

There remains, behind all this criticism of detail, the fundamental 
question of the adequacy of Dr. Raud’s work. Apart from these slips, 
is the bibliography comprehensive? may the student rely upon it? is 
it representative? I take the first group under Bibliography G, the 
group of psychological bibliography. Here the student of psychology 
is to find his working bibliographies. Well! we remark at once that 
the three yearly bibliographies of the Zeitschrift, the Psychological 
Review, and the Année psychologique are all duly mentioned. We 
notice, too, such obvious items as Dessoir’s bibliography of hypnotism 
and the work of Ueberweg (spelled Ueberwegg). It is a little sur- 
prising, however, to find that the only personal bibliography is Wil- 
son’s list of the writings of G. S. Hall. Might we not expect a mention 
of the Fechner bibliography appended to Wundt’s edition of the Psy- 
chophysik? Again: if it was worth while to mention the half-dozen 
pages on literature in Kuelpe’s Grundriss (the pages quoted on p. 913, 

y the way, refer to the translation, and not to the original), would it 
not have been in place to cite the long chapter on the historical devel- 
opment of psychology in Villa’s La psicologia contemporanea, 1899? 
Why should Foster’s brief bibliography of sleep be cited, when no 
reference is made to the bibliographies of Manacéine, to which Foster 
acknowledges his indebtedness? The question is the more pertinent, 
since on p. 1037 Manacéine’s bibliographies (there is the usual prin- 
ter’s error in the author’s name) are specified in some detail. The 
Literaturverzeichniss in Jodl’s Lehrbuch is mentioned; but the 
twenty-page bibliography by Spiller is not,—the Mind of Man ap- 
peared in 1902, not in 1903 ( p. 946),— nor the twelve-page bibliography 
of Calkins’ Introduction. The choice of text-books is curious. Jodl’s 
Lehrbuch, Kuelpe’s Grundriss, Miinsterberg’s Grundziige, Sanford’s 
Experimental Psychology, Sully’s Human Mind, even my own Primer 
are quoted ; but will it be believed that James’ Principles and Wundt’s 
Grundziige are omitted? So with special bibliographies: we find 
references to taste and smell, to vision, to combinational tones (this 
last given as in the seventieth volumeof the Philosophische Studien), 
and so forth; we do not find Bentley’s or Kennedy’s bibliography of 
memory, or Kinnaman’s bibliography of lifted weights, or my own 
bibliography of the optical illusions. Nichols’ Review of Recent Lit- 
erature on the Perception of Time finds a place; not so the historical 
section of his earlier work on the Psychology of Time. Finally—to 
make an end—the bibliography of optics in Helmholtz’ Handbuch 
should, of course, be credited to Konig. 

The bibliographical section which I have thus passed under review 
occupies a page and a half of Dr. Rand’s text. I shall not pursue the 
matter further. Enough has been said to show the character of the 
work, so far as concerns psychology. I sincerely hope that the parts 
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of the two volumes which I have not examined are more nearly ade- 
quate and more carefully revised than those which I haveread. Other- 
wise, I fear that Dr. Rand will have labored in vain,— unless, indeed, 
he is content to have his pages serve simply as rough copy for future 
bibliographers. B. B. T. 


L’ Ame et le Corps, par ALFRED BINET. Bibliothéque de philosophie 
scientifique. Ernest Flammarion, Paris, 288. 

The contents of this work are, in sum, the following: 

Book I, Definition of Matter. Of the material world we know noth- 
ing but our sensations. As all sensations are alike mediated by the 
nervous system, it is impossible to make a distinction and regard cer- 
tain of them only as objective, ¢. g., those of touch, vision and the 
muscular sense, while regarding others as merely subjective. The 
mechanical theory, therefore, which finds a specially objective sig- 
nificance in movement, has only the value of a symbol. Elsewhere 
Binet characterizes it as a species of fetchism (p. 227). 

Book II, Definition of Mind. Instead, however, of drawing the 
‘idealistic’ conclusion that all material phenomena are states of con- 
sciousness, Binet draws the opposite conclusion, namely, that the con- 
tents of all sensations are physical, z. e., material, phenomena. From 
the content he distinguishes, as the mental side of the complex fact, 
the act of cognition. The same analysis applies to images and ideas 
(conceptions) which are derived from sensation, and it would also ap- 
ply to emotions, desires, appetites, etc., but for the suspicion that the 
theory which reduces all these to sensations (objects) is too simple 
and artificial. The fundamental relation is not that of subject-object, 
for the subject is really an object; the subject term is replaced by the 
‘act of cognition.’ The relation of cognition to objects is purely con- 
templative, it is only a consciousness; nothing is added by the catego- 
ries of the understanding; relations cognized, resemblance, for in- 
stance, are physical properties. While consciousness is inseparable 
from objects, objects may continue to exist without consciousness; the 
unconscious is merely the unknown which can or could be known 
under certain conditions. The only bond capable of connecting dif- 
ferent mental states is the material. As sensations and images or 
ideas are material elements, psychology, paradoxical as it may seem, 
is a science of matter, the science, namely, of a portion of matter hav- 
ing the property of preadaptation (p. 181). 

Book III. Zhe Union of Soul ond Body. The problem of the union 
of mind and matter is not the problem of two heterogeneous things, 
the direct relation between which is incomprehensible. The relation 
is rather that of form (consciousness) and matter (content, seusation, 
object), as Aristotle taught. The difficulty is not to unite, but to 
separate them. The separation is found in the incompleteness of the 
life of consciousness; consciousness requires matter as its correlate, 
whereas matter does not so require consciousness. The genesis of 
consciousness cannot be explained; it has equal rights with matter. 
These principles serve for the criticism of the current theories of spir- 
itualism and idealism, materialism and parallelism. The hypothesis 
of the relation of soul and body has to satisfy, in particular, two 
conditions: (1) the manifestations of consciousness are determined by 
processes in the brain, and (2) of these its immediate conditions con- 
sciousness is absolutely ignorant. Binet’s hypothesis is as follows: 
The effect (neural wave) contains, or has inscribed on it, or is the 
depositary of, the totality of the physical properties perceived in the 
cause (object). This is an ‘absolute certainty.’ But the undulation 
contains, besides the qualities it receives, qualities it itself contrib- 
utes. To these last, however, as the relatively constant factors, con- 
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sciousness, according to a fundamental law of its nature, remains in- 
sensible; it only perceives the variable and accidental properties 
which express the nature of the stimulus. The result is thus equiva- 
lent to a transformation; it is not, however, the transformation of a 
physical into a mental phenomenon, and properly speaking there is 
no transformation, but only analysis. 

The fundamental error in this whole argumentation, in the writer’s 
opinion, is the utterly uncritical identification of sensation, sensory 
content, perceived qualities and material object. If sensations are 
material phenomena, then no doubt images, ideas and conceptions 
are material phenomena too, and the author is quite right in his par- 
adoxical contention that psychology is a science of matter. But the 
very paradox of this conclusion makes one suspicious of the premises. 
Mind, on M. Binet’s assumptions, seems to me to be left without form 
or content and the material world to be void of any principle of per- 
manence or continuity. That sensations can exist without conscious- 
ness is a pure assertion. Granting, even, that ‘sensation’ is to be taken 
as meaning ‘perceived quality,’ are we really to suppose that the mul- 
titudinous shapes and sizes of things, which vary with every change 
in the conditions of their perception, continue unchanged as material 
properties independent of these conditions? If not all, why some, or 
any? Subjective idealism, absurd as it may be, is surely a saner and 
more natural conclusion than this bizarre realism. I cannot but think 
that a more thorough analysis of what we mean by objective experi- 
ence, or the reference of objects to consciousness in general, would 
have led to the discovery of factors undreamed of in M. Binet’s phil- 
osophy. But to this meaning his abstractedly objective conception of 
the categories has fatally blocked the way. But as he has not ade- 
quately analyzed experience, so he has not given, as it seems to me, 
either a satisfactory definition of matter ora satisfactory definition of 
mind, and consequently he has not solved or even properly stated the 
problem. Incidentally the contradictions in his thought appear, as 
when, speaking of the catagories, he denies that the mind creates re- 
lations and declares intelligence to be but an inactive consciousness 
(p. 121); yet he constantly speaks of ‘acts’ of consciousness and ex- 
plicitly affirms of reasoning that it is an activity which creates rela- 
tions (p. 176). Still more striking is the confusion when in the very 
same context he states, first, that all our knowledge of the properties 
of matter is by (far) sensation (p. 65) and then (p. 66) that all we 
know of matter is not known in or by (far) sensation, but is the sen- 
sation itself. 

Smith College. H. N. GARDINER. 


Paedagogische Psychologie, von L. HABRICH. Kempten, 1903. pp. 
lxxii, 660. 

This work—issued in 1903, but only recently received by the 
Journal—is an applied psychology written for use in Roman Catholic 
schools: it contains ‘‘die wichtigsten Kapitel der Seelenlehre, unter 
durchgingiger Anwendung auf Unterricht und Erziehung vom Stand- 
punkte christlicher Philosophie anschaulich dargestellt.’’ Of its two 
parts, Pt. i, Das Erkenntnisvermégen, had reached its second edition 
with a sale of 8,000 copies within a year from the date of publication ; 
a sufficient evidence of the suitability of the book to the purpose for 
which it was intended. Pt. ii, Das Strebevermdgen, appears here in 
its first edition. 

The plan of the work is that of a psychology in duplicate; the 
theoretical sections are followed, under each heading, by sections on 
application. The present reviewer cannot approve this plan, but 
agrees rather with the ‘‘oberste Schulbehérde in Preussen” that 
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theory should come first, as a whole, and application be made later 
in a separate course. However, this is a matter of opinion only, and 
the author writes from ripe pedagogical experience. The work itself 
is a highly articulated system, couched in the spirit and largely in 
the language of Aristotelian scholasticism, and leaning heavily on the 
larger books of Peschand Willmann. So far as its psychology goes, 
it is a product of the desk, and there is no evidence that the writer has 
thought—still less experimented—in his own person and at first 
hand. Occasional references are made to the leading works upon 
scientific psychology; but rather, it would seem, with the view of 
showing that Catholicism need not fear the new movement than 
through any sympathy with, or real understanding of, the modern 
trend. The student will, therefore, gain from the work very little 
knowledge of the present status of psychology, though he will be 
mightily reassured as regards the immortality of his soul. ‘‘Was 
gelten mir alle Lehren von der Wahrnehmung,”’ exclaims the author, 
“der Vorstellung, dem Gedichtnis, oder die neueren Fragen von der 
Ermiidung; von der physiologischen Zeit, oder die Fragen der Kinder- 
psychologie : von der Entwicklung des Sehens, des HGrens, des Spre- 
chens, was gelten alle diese Fragen, so anziehend sie sein mégen, 
neben der Hauptfrage: Habe ich eine unsterblichc Seele? Sie sind 
ein unbedeutender Kleinkram neben der grossen Hauptsache.’’ 
M. W. WISEMAN. 


Anatomie du systeme nerveux de vVhomme: Lécons professées al’ Uni- 
versité de Louvain, par A.VAN GEHUCHTEN. 4me. edition. Lou- 
vain, 1906. pp. xv, 999. 

We need do no more than call attention to the appearance of a 
fourth and revised edition of this excellent treatise. The first edition’ 
was published as recently as 1893; and the fact that a fourth edition 
has become necessary in the course of thirteen years is a sufficient 
guarantee of the usefulness and authoritative character of the work. 
As regards the thoroughness of the revision, we may quote a sentence 
from the new preface. ‘‘Nous n’étonnerons certes personne en 
avouant, en toute sincerité, que ce travail considérable de révision a 
exigé de notre part un labeur de tous les jours poursuivi pendant prés 
de deux ans.’’ The result is worthy of the author and of the science 
which he represents. 

In 1900, contemporaneously with the publication of a third edition 
of the present work, the author began the publication of his journal 
‘‘Le Névraxe.’”’ The papers which have appeared in this journal have, 
of course, been largely drawn upon in the preparation of the new edi- 
tion. Regard is paid to the new light thrown upon the old questions 
of the reticulated structure of cellular protoplasm, nervous regenera- 
tion, the unicellular or pluricellular origin of the neurone, etc., etc. 
In the discussion of the paths of nervous conduction, the arrangement 
of former editions, Seaell on Flechsig’s demarcation of the cortex, has 
been given up. The author now considers, separately, first the 
ascending paths that carry sensible impressions to the cortex, what- 
ever their nature, and whatever the organ, internal or external, sens- 
ory or non-sensory, destined to receive them; and secondly the 
descending paths, cortical or sub-cortical, mesencephalic, pontal, 
medullary or spinal, by means of which the nervous system is enabled 
to respond, consciously or unconsciously, to the stimuli which play 
upon it. This mode of treatment renders it possible to consider the 

ong and the short paths by themselves, and to bring the reflex paths 
into a natural connection with the latter. 

In view of the recent controversies regarding the neurone theory, 
the author’s conclusion may be interesting. He writes as follows 
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(p. 196). ‘‘ Vous voyez, par l’examen des différentes théories, que la 
doctrine de l’indépendance anatomique des neurones reste debout 
malgré l’assaut qu’elle a eu 4 subir de divers cétés et malgré les 
tentatives nombreuses, mais infructueuses, faites par un certain 
nombre d’autres, pour arriver 4 établir l’existence réelle d’une con- 
tinuité anatomique entre tous les éléments entrant dans la consti- 
tution de la substance grise des centres nerveux.’’ P. E. WINTER. 


The Works of Lucian of Samosata: complete with exceptions speci- 
fied in the preface. Translated by H. W. Fowler and F. G. Fowler. 
4vols. The Clarendon Press, Oxford, 1905. pp. xxxviii, 248; 
275; 280; 247. 

These volumes open with an Introduction, in which the translators 
discuss what is known of the life of Lucian; the probable order of his 
works, the circumstances of his time, and his position in the world of 
letters. Then follow translations of all the recognized works, with 
the exception of seven of the Dialogues of the Gods, one of the Dia- 
logues of the Sea-gods, two chapters of the True History, two chapters 
of the Alexander, the Eunuch, a chapter of the Rhetorician, a chapter 
of the Book-fancier, three of the Dialogues of the Hetaerae, and the 
Pseudologista, De Syria Dea, Tragodopodagra, Ocypus and Epigram- 
mata. The fourth volume concludes with a batch of Notes explanatory 
of Allusions to Persons, etc., and each volume has an alphabetical 
table of contents of the whole work. 

It must be said at once and without reservation that the translation 
has been very well done. Theoretically, Lucian should be untrans- 
latable, just as those other three, Rabelais and Voltaire and Heine, 
should be untranslatable. But the instance of Rabelais in particular 
shows what may be done in English with a genius of Lucian’s type. 
And the translators have, in fact, succeeded in writing Lucian in Eng- 
lish, so that he who runs with humor, however innocent of Greek, 
may read interestedly and intelligently, though of course, here as 
everywhere else, a knowledge of Greek brings advantage that cannot 
be overestimated. Nor can the present reviewer find any difference of 

uality—the difference that his critical instinct prompted him to look 
or—between the translations of ‘F.’ and ‘H.’ To both translators the 

work has evidently been a labor of love, and love was competent to its 
task. 
There is, to be sure, the vexed question of expurgation and omission. 
Expurgation by a translator is something of an impertinence both to 
author and to reader; while, on his side, the translator may assert the 
right to lay down his pen when and where it pleases him todo so. It 
is regrettable that we cannot have our Lucian complete, because, un- 
less complete, we have not Lucian. Is it regard for the enquiring 
schoolboy, or for Mrs. Grundy at large, or is it a publisher’s scruple, 
that has borne upon Dr. Merry and the translators? Not, surely, any 
puritanic reservation in their own minds; for no puritan could so have 
caught the spirit of the first cosmopolitan. 

It is a minor flaw that the Notes are collected at the end of the last 
volume. Most of them take up only a couple of lines, and none ex- 
ceed half a page of fine print. They could, therefore, easily have been 
printed as footnotes; the instructed reader might easily have passed 
them over; and the uninstructed would have been spared the trouble 
of keeping two volumes going at once. Besides, the translators are 
not consistent in the use of their own principles (iv, 191). Why should 
we be told in a footnote that ‘‘Cfesis is Greek for ‘gain,’ ’’ while we are 
referred to the end of the last volume for a note, say, on Adonis? 

This question of the Notes suggests a final possibility. Might not 
the attempt be made to modernize the names, at least in certain of the 
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works? Mr. Andrew Lang has told us that Peregrinus cremated him- 
self on the Epsom Downs, just after the Derby. Is not the hint worth 
taking? Modern as he is, Lucian must lose something of his modern- 
ity so long as the Greek names are kept. Kept, sometimes, they 
surely must be; but not always. And, in a second edition, let a 
bracketed word be said to distinguish the sex of Lucian’s persone. 
When the Greekless reader sees ‘‘Joessa, Pythias, Lysias,’’ how is he 
to know that Pythias is a girl and Lysias a man? 
L. E. STRANGEWAYS. 


In Quest of Light, by GoLDwin SmiTH. The Macmillan Co., New 
York, 1906. pp. viii, 177. 


Individuality and Immortality; the Ingersoll Lecture, by WILHELM 
OsTWALD. Houghton, Mifflin & Co., Boston and New York, 1906. 
PP- 74- 

In the first of these two little volumes, Mr. Goldwin Smith repub- 
lishes some five and thirty brief communications made, chiefly in the 
form of letters, to the New York Sun during the last decade. The 
writer’s position may best be stated in his own words. ‘‘Dogmatic 
and miraculous Christianity we resign. But the vital principles of 
Christianity, the fatherhood of God and the brotherhood of man, still 
rest on their historical and moral evidences as a key to the moral 
problem of our being’’ (122). ‘‘Our only hope of salvation lies in the 
full and hearty, though reverent and discriminating, acceptance of 
that which is now the revealed truth, though reason is the organ of 
the revelation” (p. 56). ‘I heartily accept evolution, only pausing 
to see whether a discovery so recent as well as momentous has yet 
found its final level. I only ask that certain phenomena of human 
nature, its liberty of choice in action, its moral aspirations, its power 
of idealization, its finer affections, its sense of spiritual beauty, ah 
all in fact that constitutes what we bave regarded as spiritual life, 
should receive fair consideration, and that we should be told whether 
these phenomena can be explained by evolution or by any process of 
material development” (p. 85). ‘‘Such fancies as spiritualism, tele- 
pathy, planchette, seem to be the offspring of a . . . void inthe 
soul, created by the departure of traditional religion. They will not 
help us to save or revive our spiritual life. They will . . . seduce 
us into grovelling superstition”’ (p. 106). 

Professor Ostwald raises the question, What has Energetics to say 
about immortality? He starts out with memory, in Hering’s sense, as 
a universal function of living matter. From it he derives the evolu- 
tion of organisms into classes and species, as well as the facts of hered- 
ity. Here he digresses to oppose Wiseman’s idea of the immortality 
of the protozoa. Returning to memory, he explains by it the func- 
tions of mind, and especially the belief in the objective existence of a 
real world. So he passes to the scientific conceptions of mass and en- 
ergy, which have, if anything in science has, a right to be called im- 
mortal. But be points out that ‘“‘all of our inferences about eternity 
are based on extrapolation from finite time and observations coupled 
with a certain error.” This is illustrated by the fate of the doctrine 
of conservation of the elements. Then, leaving this line of thought, 
he emphasizes the tendency of mass and energy towards diffusion. 
As with inorganic nature, so with man: increase of culture tends to 
reduce individual differences, and the happiest moments of our lives 
are impersonal. Not even a collective being, however, is immortal: 
only longer lived than the individual. As for man himself, his sole 
hope of immortality is to leave certain things in the world, after his 
death, changed by his influence; and such a prolongation of individ- 
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uality is not immortality in its strictest sense. It is, however, ‘‘the 
only lasting kind of life that I can discover in the realm of our ex-: 
rience.’ Ethics is rather purified and strengthened than threatened 

y this conception. P. E. WINTER. 


Beitrége zur Psychologie und Philosophie, herausgeben von GOETZ 
Martius. Erster Band, 4. Heft. Leipzig, 1905. 

(1). G. Martius, Ueber die Lehre von der Beeinflussung des Pulses 
und der Atmung durch psychische Reize. 

(2). C. Minnemann, Atmung und Puls bei actuellen Affekten. 


Dr. Martius’ paper attempts to arrive at an understanding of the 
discrepant results which, up to the present time, have followed the 
application of the method of expression to the study of the feelings. 
Several serious faults in technique are brought out; and, with a 
plethysmograph so constructed as to avoid these errors, a study of the 
simpler affective processes is made by Martius, and of the emotions 
by Minnemann. After alluding to the wide differences in result, as 
regards the question of the influence of mental processes on pulse and 
respiration, Martius points out that these differences must mean 
either that the method is inadequate and the problem wrongly formu- 
lated, or that the method has not been applied with the proper pre- 
cautions. The latter possibility is the more probable for two reasons: 
(i) faults in technique; (ii) errors in interpretation. Three faults of 
technique are mentioned: (a) the effect of respiration on the rate and 
height of pulse; Martius is convinced that expiration heightens and 
slackens pulse; (b) the mefhods of measuring the rate of pulse. 
Two methods are aimed at in this criticism: the determination of the 
number of pulses for some arbitrary period (usually five or ten sec- 
onds), and the method used by Lehmann, of dividing the curve into 
variable periods, apparently according to the miveau. The criticism 
is the same for both methods: that the influence of respiration (the 
slackening and heightening mentioned above) vitiates the results. 
(c) The lowering of the height of the volume pulse by the fall in 
volume of the arm. This fact has been explained on the supposition 
that fall in volume caused a reduction of the blood pressure; the 
height of pulse would, if that were true, be less. Martius, however, 
finds that the mere drawing out of the arm from the plethysmograph 
brings about a fall in volume witha reduced height of pulse. He 
thinks that this reduction is due to the rarefaction of the air in 
the manometer and the consequent poor transmission of the impulse. 
The chief error of interpretation regards the significance of the longer 
waves that are to be found in nearly all plethysmographic records. 
Briefly, Martius’ view is that all changes in level, except the respira- 
tory oscillation, are due to unconscious movements of the hand or 
arm or, perhaps, other parts of the body. In this belief, he con- 
structed a plethysmograph such that all movements of the body were 
rendered ineffective. The instrument consisted of a metal sleeve 
which was provided with a manometer and a cock for admitting 
water. The sleeve was slipped over the fore-arm. The joint of the 
metal and the arm was made with plaster of Paris and, further, the 
arm thus encased in the sleeve was securely attached by the same 
means to a board which was clamped to the table. In this way, 
there could be no pushing or pulling of the arm in or out of the ple- 
thysmograph. The records were obtained in the usual manner. The 
measurements of the curves are the lengths of each individual pulse 
or respiration. Preliminary records with this instrument show that 
(i) in proportion as the movements and the possibilities of move- 
ment are excluded, the smaller and less important do the volume 
changes become; and that (ii) of the changes that remain, the irregu- 
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lar sinkings and rises disappear, while the regular changes persist 
(cf. p. 449). Martius finds that the curve taken under the conditions 

escribed is very similar to the curve recorded by the Lehmann ple- 
thysmograph with the cock open. This fact is, probably, the justifi- 
cation for Minneman’s practice of using the Lehmann plethysmo- 
graph with the cock open. 

The following topics were investigated : 

1. Influence of artificial changes of respiration on pulse. 
bodily work (ergograph). 
4. “ mental activity (arithmetic). 
4. “ bodily pain. 
smell and taste. 
le “ artificially produced emotions. 

The results were: 

1. Acceleration of breathing causes accelerated pulse. Deepened 
breathing accelerates pulse. Slower breathing slows pulse. 

2. Rate of both pulse and breathing is increased. The height 
does not open ( consistently; it tends, perhaps, to be less. 

3. Rate and height of both pulse and respiration are increased. 

4. Mixed. Rate of pulse is, in most cases, faster; height, where 
changed, less. Respiratory changes are equivocal. 

5. Asregards pleasantness and unpleasantness, there are no con- 
stant characteristics. 

6. There is an emotive type, characterized by slowing of pulse 
and respiration, which is the opposite of an active type. 

The last result reminds one of the view advanced by Binet, that the 
opposition of feelings and emotions is not between their pleasantness 
and unpleasantness, but between activity and repose. 

The occasion of Minnemann’s work was the possibility that the 
reproduced emotions, which were the object of Martius’ study, might 
have different expressions from naturally aroused emotions. The 
emotions of mirth, joy and hope were set up by suitable communica- 
tions. Deception, expectation, sympathy, fright, anger, excitement 
were also aroused. Five persons took partin the experiments. The 
technique of the investigation was, practically, the same as that of 
Martius. Both pulse and respiration were recorded and the changes 
in rate and height measured. The average rates and lengths of pulse 
and respiration, for each observer, for the normal and the reaction 
periods, were measured and platted. The essential result of this 
work is that there are no qualitative differences of emotions which, 
at least by the method and under the conditions of the author, find 
expression in different bodily changes; the opposition is rather be- 
tween the exciting and the depressing emotions. The Kantian classi- 
fication of sthenic and asthenic emotive states seems to receive from 
this study experimental confirmation. 

To the present reviewer, the most important result of Martius’ 
work is the apparent demonstration that the vaso-motor waves are 
not of normal occurrence in human adults. If we grant the fact, it 
would seem to throw doubt on the existence, other than as artifacts, 
of the waves in animals under experimental conditions. A second 
result, which adds itself to a gradually increasing mass of evidence, 
is the failure to find characteristic symptoms for pleasantness and 
unpleasantness. What one does not find, although there is some 
reason to expect it, is any evidence tending to show that the reac- 
tions of pulse and respiration depend upon the quality of the stimulus 
used. Aside from the first two points mentioned, the critical tone of 
the work will, doubtless, be its most effective result. 

University of Washington. H. C. STEVENS. 
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Future Liye in the Light of Ancient Wisdom and Modern Science, by 
Louis Exsé. A. C. McClurg Co., Chicago, 1906. pp. xxviii, 382. 
The object of this book is to present, in popular form, the evidence 
for human immortality. It is divided into two parts, the first ap- 
pealing to the consensus gentium, the second to the results of modern 
science. In the former, the author passes in rapid review the testi- 
mony of prehistoric traditions and remains, the beliefs of savages, and 
the ideas of life after death entertained by Chinese, Egyptians, Hindus, 
Chaldeans, Gauls, Jews, Greeks and Romans. The notion of immor- 
tality ‘‘sumg up the whole teaching of ancient wisdom.’’ There fol- 
lows a chapter on Christianity, with discussions of the Roman Catho- 
lic doctrine of purgatory and the Protestant conception of conditional 
immortality; and the part ends with a review of two modern systems, 
whose main tenets are drawn from antiquity,—spiritism and theoso- 
phy. The first of these makes man ‘‘a fallen god who remembers;”’ 
the second, a future god who is attempting to climb to heaven. 

Passing to science, the author points out that astronomy suggests 
to us the possibility of a plurality of worlds and, by banishing a ma- 
terial heaven and hell, transfers the scene of our final destinies to an 
immaterial plane. Physics gives us the law of the indestructibility 
of matter and energy, which includes the indestructibility of past 
events, including the events of our consciousness. As physics 
appeals to the ether as the source of the most diverse manifestations 
of energy, so we may appeal to etheric radiations or an astral en- 
velope as forming the necessary link between the immaterial soul 
and the physical body of man. True, ‘‘we are always confronted with 
a fundamental difficulty in endeavoring to prove the distinct exist- 
ence’”’ of an odic fluid; it still remains to be proved “‘that the devia- 
tions of the biometric needle are amenable to no other explanation;”’ 
the authenticity of photographs ‘‘is still a matter of dispute;’’ and 
experiments with phosphorescing calcium sulphide do no more— 
alas! poor Odic!—than identify the radiations with the m-rays of 
Blondlot. Still, when we take into account their externalization in 
the ethereal double, and the facts of long-distance telepathy, we are 
forced to admit that ‘‘the etheric movements by which we are wont 
to explain the action of the physical forces are not possessed of more 
certain reality;’’ and what carries conviction in the one case should 
do so in the other. Thus formulated, faith in survival seems ‘‘to be 
a consequence of the scientific conception of the human 
soul.’ 

M. Elbé writes brightly, and his book is readable. He has a good 
deal of critical acumen, and a distinct power of marshalling argu- 
ments. But this book will, of course, convince those and those only 
who are already prepared to accept its conclusion. 

H. E. HOTcHKIss. 


Sociological Papers, IJ. By F. Gauton, P. M. E. SADLER, 
E. WESTERMARCK, H. HOEFFDING, J. H. BRIDGES and J. S. 
STUART-GLENNIE. Macmillan & Co., London, 1906. pp. xiii, 312. 


The eleven original papers published in this volume fully maintain 
the high level of work reached in the previous publication of the 
Sociological Society. We here find sociology approached by many 
paths and envisaged in various ways; we find the widest divergence 
of opinion; but we also find an earnest spirit of co-operation, and a 
refreshing amount of solid thinking. 

The historical approach to sociology is represented by Dr. Bridges’ 
paper on ‘‘Some Guiding Principles in the Philosophy of History,” 
and by three articles from the penof Mr. Stuart-Glennie, entitled 
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respectively ‘‘The Place of the Social Sciences in a Classification of 
Knowledges,’’ ‘‘The General Historical Laws, the Anthropological 
Bases of a Science of Socialization,’ and ‘‘The Application of Gen- 
eral Historical Laws to Contemporary Events.’? The ethical 
approach finds its representatives in Professor Hoeffding, who writes 
on the Relation between Sociology and Ethics, and in Dr. Wester- 
marck, who contributes an essay on the Influence of Magic on Social 
Relationships. An attempt to apply psychology to sociology is made 
in Professor Sadler’s article, ‘‘The School in some of its Relations to 
Social Organization and to National Life.’’ The biological course is 
pursued in three very important papers by Mr. Galton, all dealing 
with his own science of eugenics: ‘‘Restrictions in Marriage,’ 
“Studies in National Eugenics,’’ and ‘‘ Eugenics as a Factor in Reli- 
gion.’’ Finally, the geographical approach is represented by the 
second part of Professor Geddes’ memoir on ‘‘ Civics as Applied Soci- 
ology,’’ the first installment of which appeared in the preceding vol- 
ume. Not the least interesting part of the contents of the present 
collection is the Discussion—formal and informal, written and spoken 
—appended to the original papers. M. W. WISEMAN. 


The Color Sensitivity of the Peripheral Retina, by JOHN WALLACE 
BAIRD. Published by the Carnegie Institution, Washington, 
May, 1905. pp. 8o. 

The first thirty-four pages of this paper are devoted to an exhaust- 
ive review of the work already done on peripheral vision. This re- 
view is exceedingly valuable, as it makes clear the present status of 
the problem. 

Dr. Baird finds much greater uniformity of opinion with regard to 
the change observed in the tone of each color as its image is moved 
from the fovea to the periphery of the retina, than concerning the 
relative extension of the color fields, since the very decided differences 
in the methods employed by various investigators would naturally 
prove much more productive of disagreement in a strictly quantitative 
measurement than in the mere observations of a qualitative change. 

Many investigators have failed to equate in brightness and intensity, 
the colors they have used. One field, for example, that of red, has 
been determined with an intense stimulus, and another field, in the 
same experiment, perhaps that for green, with a stimulus of less in- 
tensity. Under these circumstances, there seems to be no reason why 
any co-extension of fields should be discovered even though it really 
existed, since it is a well known fact that intensity of stimulus 
directly affects the visibility of a given color. 

The following is a summary of the results so far agreed upon. 

“It has been established that color sensitivity decreases gradually 
from the centre to the periphery of the retina; that every color stimu- 
lus is correctly recognized within a certain retinal zone, whose extent 
varies directly with the tone, the brightness (absolute and relative), 
the saturatiun, and the area of the stimulus, and with changing condi- 
tions of adaptation and of refraction; that under certain conditions! the 
zone of a certain red? is co-extensive with that of a green, while that 
of yellow is also co-extensive with that of blue; that the yellow-blue 
zone has a much wider extension than the red-green zone; that all 
colors, excepting the four mentioned above, pass through certain 
regular transitions of tone as they appear upon more and more pe- 


1 By ‘certain conditions’—the author means that external conditions remain con- 
stant, and the colors are equated in brightness and saturations. 

*“A certain red”—i. ¢., a stable red or one that undergoes no change in tone as its 
ieee is a from the forea to the periphery. All four colors referred to are 
s' colors. 
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ripheral regions of the retina; that these transitions tend in the direc- 
tion of yellow (when red, orange or green stimuli are employed) and 
blue (when violet stimuli are employed); and that with moderate 
stimulation all colors appear gray at the priphery, while with a 
sufficiently intensive stimulation they may appear in their own 
tones.”’ 

The experimental work reported in this paper was carried out in 
the Psychological Laboratory of Cornell University, four Cornell stu- 
dents as well as Dr. Baird serving as subjects. 

The apparatus wasa duplicate of the Hellpach perimeter, which 
consisted of a steel quadrant of 1.1 meter radius, me rted at a con- 
venient height. The stimulus lantern, which cou at be clamped at 
any point desired on the quadrant, was enclosed in a black box having 
a circular opening 15 m. m. in diameter in the side toward the ob- 
server. This opening was covered by colored gelatin sheets combined 
so as to give the desired colors. The color was in each case subjected 
to spectral analysis. The fixation point consisted of a spot of light 5 
m. m. in diameter. 

The tests were all made in the dark room, the eyes being thoroughly 
dark-adapted. The stimuli were stationary, of three seconds dura- 
tion and separated by an interval of six minutes. 

Part I of the experiment is concerned with the determination ‘‘of 
the changes of tone which a color-stimulus undergoes during the 
movement of its image across the retina.”’ 

Seven spectral colors were employed as stimuli, 7. ¢., deep red, red- 
dish orange, orange yellow, green, blue, violet and purple. As no 
comparison of the color fields was intended the colors were not 
equated in brightness and intensity. Three intensities of stimuli were 
used. The colors employed by Hellpach could not be exactly repro- 
duced, as, owing to inaccuracy in his statements, it seemed impossible 
“‘to discover what were the wave-lengths of the stimuli employed in 
his experiments.” 

The results of part I are as follows: (1) ‘‘ With a slight intensity of 
stimulus all colors appear colorless at the extreme periphery of the 
retina,’’ (2) ‘‘When they are brought in far enough to appear colored, 
those of the red end of the spectrum first appear yellowish or yellow, 
while those of the blue end first appear bluish or blue; and that in 
assuming their proper tones they pass through a regular series of 
transitions.’’ Stable red and green would be the only exceptions to 
the above statement. (3) During any single stimulation the color, in 
fading out, goes through a series of transitions in brightness and 
color-tone, analogous to those experienced when the image of the 
color is made to move from a less pheripheral to a more peripheral 
region of the retina. 

4. As the stimulus is made more intense the field for a given 
color is increased in extent. 

. After-images in the ordinary sense, were reported in but a few 
cases, and then only when the paracentral regions of the retina were 
stimulated. Though Dr. Baird failed to find after-images when pe- 
ripheral regions of the retina were stimulated, he insists on the pres- 
ence, in that region of certain after-effects; wholly latent in character 
but nevertheless, at times, influential in determining the color-effect 
of succeeding color-stimuli. He explains Hellpach’s ‘Gegenfarbige’ 
zone (7.¢., an extreme peripheral zone in which the colors appeared 
in their complimentary instead of their true color tone) as due to 
these after-effects.1_ Our author found that results similar to those of 
Hellpach could be produced at any point on the retina by making the 
interval between stimulations short enough but that the compliment- 
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ary tone would disappear altogether provided the intervals were long 
enough. For example, yellow stimuli, given in succession with short 
intervals between stimulations, could be made to appear as blue, but 
if a long interval were interposed it would again appear as yellow. 
The following example will serve as an illustration. 
Stimulus— Yellow; interval, one minute. 
appeared at 65° as Yellowish. 
= at 55° as Yellow. 
- at 45° as Blue. 
. at 35° as Blue. 
After a Rest of five minutes in darkness 
appeared at 35° as Yellow. 
at 45° as 

Dr. Baird gives no results of experimentation in which an interval 
equal to that allowed by Hellpach (7. ¢. three minutes) was intro- 
duced. The statement is made, however, that many tests were carried 
out with varying intervals, before the six minute interval was finally 
decided upon. 

It seems surprising that such decided after-effects did not appear in 
the form of after-images and the question still remains whether they 
would not have done so had the stimulus been more intense and of 
longer duration. 

It is also to be noted that these conclusions concerning the absence 
of after-images on the peripheral retina have not been established in 
the case of the light-adapted eye. 

The second problem investigated by Dr. Baird is that of the relative 
extent of the color fields. In this part of the work the four stable 
colors were used exclusively as stimuli, 7. e., the yellow, the blue, the 
green and the red which undergo no change in peripheral vision.” It 
might be stated here that only four colors were found which do not 
change in tone as they are moved from the fovea to the periphery of 
the retina. 

‘‘The results show that the zone of a stable red is co-extensive with 
that of a stable green; that the zone of a stable yellow is co-extensive 
with that of a stable blue; that the yellow-blue zone is much more 
widely extended in all directions than is the red-green zone; that the 
nasal side of the retina has the widest extension of color sensitivity, 
and that there is a wide individual variation in zonal extension.” 

These results are exceedingly interesting as this is the first dark- 
room experiment in which the four color fields have been determined 
with colors of equal white and color-values. The result is the discov- 
ery that the coincidence of the blue and yellow fields, and of the red 
and green fields, already established for the light-adapted eye; also 
holds for the dark-adapted eye. 

The results agree with the Hering and the Ladd-Franklin theories 
of color vision but cannot be reconciled with any other theory. 

Bryn Mawr College. GRACE M. FERNALD, 


Les Mystiques—Etude psychologique et sociale, par Pau, HERMANT. 
Rev. de Synthes. Historique, 1905, Vol. 10, pp. 269-292; Vol. 11, 
PP- 32-53, 165-180. 

This long study abounds in interesting quotations but is too indeter- 
minate to have any definite historical, philosophical or psychological 
significance. The more valuable feature of Hermant’s work is to be 
found in the parallels which he draws between Sufi, Buddhist, Moslem 


1 Hellpach’s intervals between tests were of three minutes duration. 

2Dr. Baird has called my attention to a slip on p. 60, namely, the statement 
that “the red stimulus transmitted no part of the visible spectrum.” What is 
meant is evidently that the red stimulus is non-spectral. 
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and Christian Mysticism, with the result that the essential characteris- 
tics of Christian Mysticism are seen to be common to all the religions 
considered. JAMES H. LEUBA. 


Practical Dietetics, with Reference to Diet in Disease, by ALIDA 
FRANCES PATrEE. A. F. Pattee, Publisher, New York. pp. 300. 
Price, $1. 

Any home-maker will find this book valuable. It gives explicit 
directions and plain reasons. An inexperienced person, able to follow 
such directions, may prepare successfully and serve properly food for 
the sick or for those needing to be careful in diet. In a few pages and 
without wearisome detail food values are set forth. Rules follow for 
feeding the sick and for serving their food daintily. Over half the 
book consists in exact recipes for food and drink, with precise direc- 
tions from the first step to the placing before the patient. One is not 
left to ‘‘season to taste.’’? Diet in Disease takes sixty pages, Diet in 
Infancy, fifteen; ‘‘Practical Suggestions to the Nurse in the Sick- 
room’? is especially useful to the novice; tables of measures, and two 
complete indexes make the last of the three hundred pages. The head 
of the household will find this volume an excellent supplement to her 
professional library. FLORENCE B. SANFORD. 
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Die Stofftichen Grundlagen der Vererbung im organischen Reich, von 


EDUARD STRASBURGER. Gustav Fischer, Jena, 1905. pp. 68. 

In very many species the ova from which male and female arise is 
easily distinguishable by size, and this has favored the idea that sex 
is already determined in the egg. On the other hand, unfertilized 
eggs of bees produce males, that is, the so-called drones, while fertil- 
ized eggs produce females. Here, then, it would seem that fertiliza- 
tion determines the female sex. Some, however, hold, despite this, 
that bee eggs are male and female and that is only the female eggs are 
adapted to fertilization. Again the Hoffacker-Sadler law that male 
offspring predominate if the father is older than the mother and more 

irls are born if the mother is the older, and that the prospect for boys 
is but slightly greater than for girls if the father and mother are of 
the same age. So many objections have been raised against this law 
that it is at present uncertain. Still we cannot say that the exclusive 
influence of the female in determining sex is, at present, entirely dis- 
proven for the human race. For horses, Wilkens states, on the ground 
of copious statistics, that only the age of the mare affects sex, and 
that mares, when they are becoming older, tend to produce more stal- 
lions, no matter what the age of the male horse may be. Thus Stras- 
burger thinks that, as in so many other cases, there may have been a 
division of labor between the male and female determination of sex, 
and that by giving it over to the egg a constant numerical relation of 
the sexes is best assured. 

What advantage does an organism derive from the exchange of 

ngenes which apparently takes place in the gonotokonts within the 

used ids and the effect of which is further increased by the division 
of the chromosomes? Weismann concluded that the products of the 
two sexes differed from each other in their content of the material of 
heredity. By the amphimixis of these products the visible individual 
differences of posterity arise. They, too, make possible the perma- 
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nent elimination of combinations of less value by means of natural 
selection, and thus keep the species at the top of its adaptation. At 
the same time natural selection creates snataria for the development 
of new species. Against this view, the objection is raised that fertil- 
ization causes only changing combinations of marks already present, 
but cannot create really new An/agen, so that the origin of these must 
be sought elsewhere. Strasburger, however, agrees with Weismann 
that amphimixis favors the continuance of a species. For him the 
chief value of fertilization lies in the Ausgleich which the individual 
variations mutually experience. This Austauch of the pangenes in 
the prophase of the reduction division brings advantages for the spe- 
cies and hinder extreme development of deviations. Thus the off- 
spring of the same pair of parents can never be quite alike. The 
manifoldness of individual variations increases the effectiveness of a 
species in competition with other species. Amphimixis, then, makes 
the resulting organism more plastic within the field of its variations, 
and this equips it for its work in life. 


Sex and Character, by OTTO WEININGER. Authorized translation 
from the 6th German edition. G. P. Putnam’s Sons, New York, 
1906. pp. 356. 

This is a really extraordinary as well as a much-advertised book. It 
is a product of precocious genius. Its author committed suicide in 
Beethoven’s house when he was twenty-three years of age because he 
was too deeply involved in the pessimism of Schopenhauer. The car- 
dinal position of the author is that what Haeckel calls gonochorism 
or the separation of the sexes, the sharpest form of which is in sexual 
dimorphism, is a matter of degrees. Most people are more or less bi- 
sexual and their differentiation is incomplete. Sexual attraction, our 
author holds, always tends to be mutual in the end. It is a discredit 
to the race that we have so little knowledge of the laws of sexual affin- 
ity. The best offspring will result from unions where there is a maxi- 
mum of sexual suitability, such as proverbially occurs in love chil- 
dren. To judge this from a moral point of view is absurd, but it is 
important to know that the offspring of those parents which had 
greatest sexual attraction succeed best. There is no true psycho-sex- 
ual hermaphroditism. The men who are attracted by other men have 
marks of effeminacy, and just so women who attract other women sex- 
ually are more or less masculine. Perhaps there is no friendship be- 
tween men or between women without some element of sexuality in 
it so that homo-sexual phenomena belong to intermediate forms. One 
who is half man and half woman requires a complement of the same 
dual kind. ‘‘The more feminine a woman is the less she will under- - 
stand a man and the greater influence will he have upon her.”” The 
craving to acquire a man’s character, freedom, interests, creative 

wer, as do the emancipated women, is due to the fact that they are 
imperfectly sexed. They are homo-sexually or bi-sexually inclined. 

Much so-called intellectual activity of women is hysteria. ‘‘Even the 

malest woman is scarcely more than fifty per cent. male.’’ Soit is 

absurd to prate of full equality. An age dominated by the woman’s 
movement would mean intermediate sexuality or imperfct cleavage. 

The author agrees with Nietzsche and Kant that from women nothing 

can be learned of women. They lack self-knowledge because they 

have no duality, whereas man is conscious of his sex because he has 
other elements in his nature and can act against it. Weininger pro- 
poses the term “hen id’’ for those who cannot distinguish between per- 
ception and sensation, and who want to say things and find them gone. 

Woman, he says, has an unconscious life, man a conscious life, and 

genius the most conscious life. Genius is nothing but the full com- 
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pletion of an idea of a man, and therefore every one should have some 
of it. It is simply the highest morality and is thus every one’s duty. 
It is identical with universal responsibility and until that is grasped 
it will only be a wish and not a determination. Woman is wanting in 
super-sexual personality. ‘‘The absolute female has noego.’’ ‘‘The 
man of genius possesses, like everything else, the complete female in 
himself,’’ but woman is a part only and not the whole, and therefore 
can never include genius. She is not a monad and can never reflect 
the universe. When she ‘understands’? a man she simply tastes 
what he has thought about her. Shecan converse and chatter, but 
can never talk. Women have no dignity. The word “lady” was in- 
vented to filla vacuum. Women have nosoul. They are non-moral. 
There are two types: one is the coquette, who is always at heart a 
courtesan, and at the opposite pole stands the true mother. The first 
thinks only of the man, the second only ofthechild. Perhaps neither 
absolute type has any concrete existence. The motherly girl is more 
or less motherly even toward the man she loves. That women cannot 
love is shown by the fact that they have no ideal man to correspond 
with the male idea of the madonna. She does not desire purity or 
virtue in a man but something else. Man really hates woman, for it 
is unconscious hatred of his ownsensuous nature. His love is hisown 
intense effort to save instead of to nullify her. It is only men who 
have no great desire for love that wish to see women emancipated. 
The only real emancipation, however, is for woman to place herself 
in the right relation to the moral idea, instead of being influenced by 
tastes, fashions and desire to marry. 


Developmental Pathology, by EucGENE S. TaLsot. First edition. 
Chicago, 1905. 

Dr. E. S. Talbot, the well known American authority on all dental 
matters, has also for many years been an active student of evolution. 
Although he has not published a systematic treatise, he has done what 
is perhaps better in bringing together in this volume about thirty of 
his papers on various topics. Many of them are too technical or too 
special to be discussed in this Journal, and their topics are too diverse 
to justify us in speaking at length concerning single articles. The 
data brought together here make this book almost indispensable to 
any students of evolution. 


Etude Psychologique des plus anciens réveils religieux aux Etats- 
Unis, par JACQUES KALTENBACH. W. Kiindig & Fils. Genéve, 
1905. pp. 

The author is a young Frenchman especially interested in religious 
psychology, who divided a year between Harvard, Clark, and Chicago 
Universities in collecting material for this particular study. He does 
not speak of his special experiences here, but he has studied the liter- 
ature so effectively and commands it so well that he has told a very 
interesting story. He first describes the milieu and the antecedents; 
then the revival from the social point of view from the first period be- 
ginning 1735 to the third ending 1734. He then points out the influeuce 
of the revival on different ages—childhood, youth and old age. He 
then, in successive chapters, discusses it from the theological, indi- 
vidual, moral and physical point of view. He believes all religious 
influences tend somewhat toward revivals and should do so, but that 
there are special dangers which often neutralize their value. It is 
dangerous to — in a very emotional way to young children. 
Every revival is dangerous, save so far as it is profound and passion- 


ately moral. If it is a mere excitation of sentiments it is liable to do 
harm. Revivals cannot be immediately connected with any one sys- 
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tem of theology, for they are provoked by those that are very different. 
Societies, like individuals, differ. Some are subject to violent crises 
and others make progress by insensible degrees. A revival often suc- 
ceeds when particularly refractory with other church influences. The 
history of revivals is a great encouragement to Christianity, and in a 
sense it is a rapprochement tothe religious state of thought at the time 
of Jesus. The originality and power of Christianity consists in that it 
offers us a holy personality to love. 


Self-Synthesis, a Means to Perpetual Life, by CORNWELL ROUND. 
Simpkin, Marshall, Hamilton, Kent & Co., London, 1906. pp. 32. 


Self-synthesis is something very unique. We have two instincts— 
that of self-preservaton or life and a primitive death instinct. These 
are polar opposites. So man has two nervous systems—the sympa- 
thetic involutional and the brain, which is the seat of evolution. There 
are two minds—the subjective and the objective; three states of con- 
sciousness—subjective, individual, and objective. We hover between 
two worlds—subjective and objective. The relation between these is 
all-important. Telepathic connections are from above. Women give 
less suggestion than men, but are more receptive of them. We need 
much self-protection from adverse suggestions. We should emblazon 
before us such maxims as, ‘“‘I feel and look younger day by day.’’ 
“Health is natural.’’ This, with the avoidance of drugs, deep breath- 
ing, plenty of sleep, control of the passions and thoughts, will enable 
us to be true to ourselves and fulfill the higher possibilities of our 
nature. 


Nerven und Seele, von Max Kassowitz. Allgemeine Biologie, Vier- 
ter Band. Moritz Perles, Wien, 1906. pp. 534. 

In this fourth volume the author prints some score and a half of 
lectures on stimulus conductivity and reaction, and in the second part 
nearly as maty more on consciousness. He is a well known physiol- 
ogist who has attempted to extend his conceptions to the mind. 
Movements follow not the command of consciousness, but conscious- 
ness follows movements. Wecould never know empty space, homo- 
geneous or resting matter if they existed. Feelings depend entirely 
upon the sympathetic and vasomotor system. Self-consciousness is 
an activity of a reflex type, every state of which implies an outer world 
working upon us. The mode of treatment of the topics in both the 
neural and the psychic part of this volume is interesting and some- 
what original. 


Mexican and Central American Antiquities, Calendar Systems and 
History. Twenty-four papers by EpUARD SELER, E. FORSTE- 
MANN, PavL SCHELLHAS, CARL SAPPER and E. P. DIESELDORFF. 
Translated from the German under the supervision of Charles P. 
Bowditch. Smithsonian Institution, Bureau of American Ethnol- 
= ee 28. Government Printing Office, Washington, 1904. 
pp. 682. 

This is a special study of its subject, illustrated by 134 cuts of vari- 
ous kinds, some of them full-page and a very few of them colored. 


